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_ This is Volume 3 of four volumes of the record of “Hearings on 
) Industrial Radioactive Waste Disposal.” It covers the second half 
/of the current, waste disposal research and development program. It 
describes and discusses the handling, treatment, and proposed ulti- 
mate disposal systems for highly radioactive wastes that are pri- 
marily evolved from irradiated fuel reprocessing plants and discusses 
the future estimates and economics of disposal of radioactive wastes. 
It also includes a summary of environmental factors related to these 
estimates and a discussion of the industrial viewpoint of the radio- 
}active waste problem. Volume 1 covers the portion of the hearings 
concerned with the origin and nature of various types of radioactive 
wastes evolved from nuclear energy activities and operations in use 
to manage these wastes at various AEC and other installations. 
Volume 2 deals with the first half of the current waste disposal re- 
search and development program. It describes and discusses the 
treatment and controlled dispersal of low and intermediate level 
wastes to the atmosphere, surface waterways, the ground, and the 
ocean and environmental investigations associated with this phase of 
the development program. Volume 4 discusses the activities of Fed- 
eral and State governmental agencies in radioactive effluent control 
and administrative relationships between these agencies. The inter- 
national aspects of the problem are also dealt with in this volume. 
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INDUSTRIAL RADIOACTIVE WASTE DISPOSAL 


FRIDAY, JANUARY 30, 1959 


CONGRESS OF THE UNITED STATES, 
SpEcIAL SUBCOMMITTEE ON RADIATION, 
Jornt CoMMITTEE ON AtTomiIc ENERGY, 
Washington, D.C. 


The special subcommittee of the Joint Committee on Atomic Ener- 
gy met at 10 o’clock a.m., pursuant to recess, in room F-39, the Capitol. 
Hon. Chet Holifield, chairman of the special subcommittee, presiding. 

Present : Representatives Holifield, Durham (chairman of the com- 
mittee), Price, Van Zandt, Hosmer, and Bates; Senators Anderson, 
Dworshak, and Aiken. 

Also present: James T. Ramey, executive director; David R. Toll, 
staff counsel; and Dr. Walton Rodger, technical adviser, Joint Com- 
mittee on Atomic Energy. 

Representative Horirtetp. The committee will be in order. 

We apologize for the lack of space. We were unable to get the Old 
Supreme Court Chamber and this was the only room available, so 
we apologize to our witnesses and our visitors for the crowded con- 
ditions. 

We will proceed until noon today and we will have to adjourn 
promptly at that time for an executive meeting of the full com- 
mittee. Then we will come back into session again at 2 o’clock this 
afternoon and continue in the afternoon in order to take care of the 
additional witnesses. 

Our first witness this morning is Mr. L. P. Hatch of Brookhaven, 
who will speak on high level wastes. 

Will you please come forward, sir? 


STATEMENT OF DR. L. P. HATCH,’ OF BROOKHAVEN NATIONAL 
LABORATORY 


Dr. Hatcu. Mr. Chairman, we have several charts to be shown 
and the written version of the testimony, I might say I will not read 
it, but we will follow through it along with the charts. 





1 Date and place of birth : March 31, 1905 ; Islesboro, Maine. 

Education : University of Maine, B.S. in civil engineering ; Harvard University, M.S. in 
sanitary engineering. 

Experience: Research fellow (fluid mechanics), Harvard University, 1930-35; assistant 
engineer on design of water purification and sewage disposal projects, S. M. Ellsworth 
Engineers, 1935-37; sanitary engineer, design of mechanical systems for control of toxic 
dusts and gases, Tennessee Valley Authority, 1937-41; design engineer on water purifica- 
tion and sewage disposal works, S. M. Ellsworth, Jackson and Moreland, 1941-43 ; captain- 
major, U.S. ony Industrial Hygiene Laboratory, 1943-46; civilian technical director, 
Army Industrial Hygiene Laboratory, 1946-48; sanitary engineer (group leader), Nuclear 
Engineering Department, Brookhaven National Laboratory, 1948 to present. 

Publications on the subjects of fluid flow through granular media, control of toxic dusts 
and gases, ultimate disposal of radioactive wastes. 
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Before we get into this, I would like to say just a bit about the? 
background of our approach to this problem. We are, as you know, | 
dealing at the moment with the high level wastes or those wastes that 9 
are in very high concentration of the fission products and in low 
volume. So we can talk about waste disposal processes which are more | 
refined, perhaps, and in the nature of chemical processes themselves, 7 
more than we could with the low level and the high volume wastes, dl 

Some 10 years ago at Brookhaven, we embarked on a program to / 
seek a solution of this long-range disposal problem by means of 
fixation of the radioactive wastes in solid materials, in stable solids. 7 
There are several reasons why we chose this method of attack. One? 
was that we could find many examples of this sort of thing in nature 7 
itself. For instance, if we had the waste material bound in stable 7 
solids of a mineral character, we have many examples to indicate § 
that it would be retained for a very long time. In the natural clays 7 
we have examples of aluminum being a major constituent but the | 
aluminum is not released from the clay over millions of years. Sof 
if we could put radioactive wastes in such a material, it could be con- 7 
sidered to be permanently fixed in that solid form. i 

This doesn’t mean necessarily that we would have disposed of the 7 
waste. Obviously, we have to do something with the solid, but there © 
is a very good reason why it is in a much less hazardous form than if it 
was not in the soil. For instance, in the physiological relation to this | 
sort of thing, materials which are not soluble, presumably, may ac- 7 
tually be ingested and adsorbed in the human body and eliminated | 
and do no permanent harm. E 

Strontium 90, if it were encased in a solid mineral particle, could 7 
pass through the human body, could be treated as a dust particle, 
and eliminated by the natural processes and not go to the bone as 
strontium commonly does. 

There were other reasons why the fixation in solids did seem to us 
to be a very logical approach. Most anyone, I think, whether he was 7 
a scientists or not, would agree that solids represent the most stable 
form of matter and certainly the gases and liquids would be much 
less stable and, therefore, much more amenable to being dispersed in | 
the natural environment. 

Another reason is that the waste disposal problem is commonly ~ 
discussed in terms of maximum allowable concentrations where we | 
have responsible committees deciding that such a concentration is 
acceptable and more than this would be dangerous. 

However, this problem, probably more than any other, requires an 
extra measure of precaution, and a safety factor way over and above 
the normal safety factors that are commonly used in handling hazard- 
ous material seems to be in order in this sort of problem. So with 
all of these things in mind, we adopted the method of fixation in | 
solids as being the most logical and practical, and in the long run | 
probably the cheapest, method of handling the disposal problem. 

If we turn to the written part of the testimony, you will see at the 
beginning—the fixation of atomic wastes in solids is being developed 
at a number of laboratories and installations in this country and 
abroad. This was certainly not true 10 years ago and it has been an 
evolutionary process that this has come about. This is a very im- 
portant factor because it means that the people in the laboratories 
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the! and installations that are dealing with the chemical reprocessing of 
»W, atomic fuels, those that are responsible for the operations day by day, 
hat) are giving serious thought to this method of disposal. So the chance 
oW! of it becoming a successful and economic ed is much greater. 
ore At the end of the first paragraph—the first among these reasons 
ves, > why this is a logical approach is that the material, the atoms them- 
tes. > selves, are chemically fixed within the framework of stable solids. 
| t0| This is an important point, but not one on which we should elaborate, 
of > except to say that if the material was encased in the solid and the 


ids. © atoms themselves were not bound as individual entities, it would not 
ne be the type of fixation that we mean. For instance, if you were to 
ble | cut this material up, and if I might use an example, a piece of rock 
Ole & 


_ salt encased in lead, but if you cut the lead apart the rock salt would 
‘até | be soluble in water. However, if the atoms in the salt were actually 


ayS| fixed, attached to a stable solid in a chemical fashion, then if you cut 

the | it or ground it the atoms would not be released. 

50) = The existence of large quantities of high level radioactive wastes, 

on- | such as would be produced in a major atomic power industry, would 
_ create a very special problem in that the amounts of long-lived mate- 

the} rials at any one time would be sufficient to seriously contaminate 

eit " very large regions of the earth for centuries to come. This statement 

i 


is made simply to emphasize the fact that if we were to go on for 50 

this years in the atomic power industry, and find that we had reached an 

ac-/ impasse, that we had been doing the wrong thing with the wastes and 

ted |) we would like to reconsider the disposal methods, it would be en- 
tirely too late, because the problem would exist and nothing could be 

uld | done to change that fact, for the next, say 600 or a thousand years. 

cle, Representative Hoxirietp. Would it be safe to say that this problem 


QT EEG 


} as of permanent disposal of high level wastes must be solved and solved 
' soon in order that these tremendous aggregations of contaminated 
) us material of high level power shall not become a public hazard through- 
was | out the centuries? 
ble Dr. Hatrcu. Yes, I believe that is right and, in addition, this hearing 
uch | and other such gatherings that serve to emphasize this point will be 
lin | of first importance when we come to follow through in the large waste 
disposal operations that must follow if the atomic industry is to go 
mly — ahead. 


we Representative Hoiirretp. With the 15 or 17 reactors which are 
1 is now being built, which will come on the line within the next 2 or 3 
_ years, we are going to have a very rapid multiplication of the quan- 
}an | tities of this material to be disposed, and we are told that we already 
ove | have 52 million gallons that will continue in one place. It gives 
ird- | some idea of the magnitude of what may be in store for us as we spread 
rith § out. 
| in § Dr. Harcn. This is true certainly, and we haven't yet reached the 
run point where economic atomic power or the goal of economic atomic 
power is entirely achieved. When that does happen, however, there 
the will be a much more rapid accumulation of wastes than may be fore- 
ped seen today. 
and Representative Horirrecp. At the present time, this material is a 
an § liability. I know there is some thinking, but is there any practical de- 
im- | velopment of a potential asset in this material, something which can 
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be taken from this waste and utilized extensively and which would re- 
duce quantities, which is from a hazard standpoint. 

Dr. Harcu. There is obviously that potential and there will be some 
testimony on that today. However, I think something should be said 
here along that line. 

There is a great desire to think of waste products as being useful. 
This is a natural desire, of course. However, it sometimes is used as af 
substitute for the real disposal problem. P 

Representative Hotirrevp. In other words, this is a hope not based? 
on the historical utilization of wastes? 

While waste has been utilized, it has never been utilized to the ex- 
tent of removing the limit of waste from the economic picture ? 

Dr. Harcn. This is true. Dr. Wolman made this point the other 
day. The distinction between using the waste material for a pur-§ 
pose, which stands on its own merits, and thinking that this is also® 
a means of solving the other problem of getting rid of it. These two/ 
things do not run hand in hand. zi 

The other thing I would like to mention is that the thought of using F 
atomic wastes for producing electric power in any large amount is 
unrealistic. The amount of energy involved in this material is very 
tiny. 

Representative Hotrretp. In other words, the toxicity is great, but 9 
the energy content is small ? é 

Dr. Hatcu. The energy is great in the physiological sense. It does } 
great harm because of its energetic particles, but to think of using this 
material to run electric lights and washing machines is just out of the 
question and has no meaning at all. 

Representative Horirietp. And this comes about because of the very 
small fraction of U-235 and other fissionable material in the natural 
uranium ? 

Dr. Harcn. The fact that the very nature of the energy itself is not 
conducive to thinking in terms of large amounts, doing large amounts 
of work with it. 

Special applications for batteries and that sort of thing, such as we [ 
read about in the paper last week, this might be one of the rare cases 7 
where you deal with a very special form of energy, but to think of | 
utilizing this material for power-producing purposes is certainly out- | 
side the scope of what we are thinking now. 4 

Returning now to the written testimony, as we attempted to find | 
a possible solution to this problem, 10 years ago, we also had to think 
in practical terms of how we would go about it. Again we looked to 
nature for an example. There are materials in nature that have very 
desirable properties for the problem in hand and again I cite the 
case of a natural clay, a special kind of clay. The reason that we se- 
lected this material is that it can enter into a reaction with the fission 
products, a chemical reaction, and cause the bonding of these two 
things together. It is very helpful to have this built-in chemical 
capacity in the clay material and after the waste products are incorpo- 
rated in it we can heat the clay to a high temperature and seal them 
there so that they will not be disturbed and not be removed. 

The first chart (fig. 1, p. 1842) shows a method of preparing the clay 
material in such a way that we can move the solution through it. 
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Representative Hoxirretp. Could the Chair interrupt the witness 
for just a moment to note the presence of a new member on the Joint 
Committee on Atomic Energy, the distinguished gentleman from Ver- 
mont, Senator Aiken, who was appointed to this committee yesterday. 
I know it is going to be a matter of real pleasure to every member of 
this committee to have him as one of our members. We welcome you, 
sir. 

Senator Arken. Thank you, Mr. Chairman. 

Representative Hoxir1eLp. We look forward to your other colleague 
who was also appointed yesterday, Senator Bennett. 

Senator ArkEN. We will do the best we can to be helpful. 

Representative Hoxirretp. You always do the best you can and 
your best is much better than a lot of us. 

Senator Arken. Thanks for saying so. 

Representative Hoiirretp. Thank you, Mr. Hatch, will you proceed 
please. 

Dr. Hatcn. As I say,:this is a means of preparing the clay ma- 
terial such that we can use it in an industrial chemical process. The 
clay as we get it isa finely divided powder. There is no way that we 
could efficiently mix the liquid waste with the clay in the powder 
form and then separate them as we would have to do. So in this 
picture the clay has been mixed into a paste and extruded so that the 
waste solution can be passed through the column and the chemical 
reactions between the fission products and the clay take place in this 
manner. The chemical reaction that I speak of was mentioned yes- 
terday briefly by Dr. Theis in speaking of waste moving through the 
soil, and the clay certainly is a common and a very important in- 
gredient in soil. There is a so-called adsorption or an ion exchange 
process that goes on, and he also likened it, as I have in this paper, 
to the softening of water in which case certain atoms or ions in the 
liquid go into the solid phase. They attach themselves to a solid and 
other atoms or ions in the solid are given up to the liquid and we have 
an ion exchange, and the softening of water is a magnesium or calcium 
exchange for sodium. In this case it would be strontium and cesium 
particularly in exchange for ions in the clay, which would be calcium 
and magnesium. This sort of system lends itself well to the design 
and operation of a chemical plant and it makes for a convenient and 
simple way of handling the waste solutions. You can do it by remote 
control. 

Representative Hotirrecp. After the adsorption of the radioactive 
material into the clay occurs, do you further compress those clay cylin- 
ders into a solid mass? 

Dr. Hatcu. We haven’t done that. This would be possible. We 
haven't done it for the reason that one likes to do as little as possible 
to materials after they become highly radioactive. 

Representative Horirrevp. Is there then a natural flowoff of the 
liquid leaving practically a solid? 

Dr. Hatcu. Yes. We would expect that an amount of liquid equal 
to several hundred column volumes would move through the column 
before the clay capacity would be exhausted. 

Representative Hotirtetp. What is the efficiency of a given amount 
of liquid that goes through that, of the clay cylinder? 
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Dr. Hatcu. That is a very important question and one that I am | 


glad to try to answer. 

The capacity of the clay—we will have to think in specific terms 
now—is very high. As for strontium, say, if we had a oil 
contained nothing but strontium salt, we could put about 1 pound of 


strontium, in something like 20 pounds of clay, 1 in 20. I might say, 7 


Ree 


ution which © 


in connection with this, I don’t want to give the impression that we | 
are going to achieve anything like this in practical operation, because | 


the waste solutions are not pure. They contain many other things 
besides strontium, but the capacity of the clay is expressible in these 
terms. When we estimate that the clay is something like $50 a ton, 


meee: 


we get some idea since we would be dealing with reasonable tonnage | 
of this material, that the cost is not great. So the capacity of the clay | 


is very large, shall we say, for what we want to accomplish. 

The capacity that we are really interested in at the moment is more 
akin to how good a job we do in removing the waste material and this 
we will see in one of the later charts. 

Representative HotirreLp. May I ask you one question? This clay 


adsorbs this on the basis of an exchange of ions and not on the basis | 


of an adsorption like a sponge would absorb water, in addition thereto, 

Dr. Hatcu. That is also a very good point. That is exactly right 
and the distinction should be made strongly. This is in every sense 
of the word a chemical reaction. 


Representative Houirrevp. It is not really an additional mass. 


r 


er 


Dr. Harcu. That is right. It is not attached to the surface and | 


usually these attachments are very weak. This is a chemical bond in 
itself and one which obeys and follows the standard laws of chemistry. 
So it is a very important distinction to make, and I think this goes 
a long way to helping in the final sealing of the material in the solid 
form. 

This is a picture not shown in the written testimony. This shows 
three columns such as the one we just saw, the three here. They 
are glass tubes 5 feet long, about an inch in diameter, containing the 
clay, and they are connected in series and the solution can flow through 
the first, the second, and the third. This was done to measure what 
you just spoke of; the capacity of the clay to remove strontium, not 
so much with respect to how many pounds of strontium, but how 
much we purify or decontaminate the solution. 

This is really the important thing because when the solution comes 


out, it has to be very highly refined. In high level waste treatment 7 


we must talk about purification in the order of 10 to the 8th; to really 
accomplish what we want to accomplish. If we reduce the concentra- 
tion by a factor of a hundred or a thousand, the result is not worth 
very much to us. 

The next chart, please. 

Representative Horirretp. Before you leave that, you have spoken 
of the adsorption by exchange of ions of 1 pound of strontium to 20 
pounds of clay. I suppose it would be a variable factor as to the 
volume of liquid waste which would go through that type of an ad- 
sorption process. In other words, the 1 pound of strontium might be 


represented by many thousands of gallons of liquid waste that would 
have to flow through? 
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Dr. Hatcu. Yes, the amount of water is immaterial. 
Representative Hotirretp. So it would be hard to reduce that to un- 


derstandable percentages because it would depend upon the intensity 


of the contamination of the volume of liquid? 

Dr. Hatcu. Yes. I think you could extrapolate from the statement 
that the volume of water is not important. Again we have to empha- 
size that the 1 to 20 is for a very pure system and it will never be 
achieved in reality. I don’t want anyone to get the impression that 
we are going to use a few pounds of clay and take up all the fission 
products manufactured in this country. 

Representative Horirrecp. Can you give us any degree of purity of 
the effluent that comes out after ? 

Dr. Hatcu. Yes. This is exactly what we want to show. I am 
just reminded that this solution passing through the columns contained 
a level of strontium 90 measured by 2 curies in 10 gallons of liquid. 
That isn’t as high as it would be in the high level wastes at Hanford 
perhaps, at the moment, but it is within a factor of something like 25 
to 50 of that level, and for engineering study purposes this is high 
enough to call it full level wastes. 

I just want to make the point that we are dealing here with more 
than just tiny amounts of strontium 90. The other materials in the 


waste are there in the proper proportions. They are not radioactive, 7 
This is done so that we can handle one radioactive isotope at a time, | 
measure its behavior in the system, and not have to worry about what J 
happens to the other things, but they have to be there so the chemical J 


situation is representative of the real waste. 


Representative Hoxirrecp. Is there concurrent adsorption of the § 


other radioactive materials along with the clay ? 

Dr. Hatcu. Yes, The chemistry of the system is, I am sure, a very 
complex one. If one tried to analyze exactly what happens to each one 
thing, it would be a very complex problem, but by using radioactive 
tracers, in this case strontium 90, we have a very great advantage in 
studying what happens to at least one of them without being con- 
cerned as to what is happening to the others. 


Representative Hosmer. Do I understand that all your other § 
chemicals in the solution tend to have an ion exchange and combine § 


with the original clay? Is that correct ? 

Dr. Hatcu. Yes. 

Representative Hosmer. Whether they are radioactive or not? 

Dr. Hatcn. In all chemical processes, one does not distinguish 
between whether it is radioactive or not. The chemical behavior is 
not affected, in common terms at least. 

Representative Hosmer. What I am trying to seek out is whether 
this is a general chemical combination, or does it just pertain to 
specific elements which will combine with this particular clay ? 

Dr. Hatcu. No, it is specific in this sense—it pertains to positively 
charged ions. The negatively charged ions are not appreciably — 

Representative Hosmer. No, sir; without a positive charged ion. 
Therefore, there is some analysis of your waste solutions necessary. 

Dr. Hatcn. There is. It is a very fortunate thing and this ties in 
also with the objective that the things that we are concerned about 
in the atomic wastes very heavily are these positively charged atoms, 
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strontium, cesium, and others. There is one notable exception to all 
this. Itisruthenium. You heard yesterday about ruthenium proceed- 
ing through the soil in some studies, I think at Oak Ridge, and the 
reason for this is probably the fact that it is not a positively charged 
ion, a cation. 

Representative Hosmer. I am wondering if there are so many of the 
nonradioactive positive charged chemicals in waste that they pollute 
the system, and therefore you are taking up a lot of stuff that you don’t 
need to take up. 

Dr. Hatcu. That is true. It is one of the real problems that we 
have to face and it goes back perhaps to the heart of all of this, the 
coordination of the waste disposal operations and the chemical opera- 
tions that precede them. What the people do in the chemical process- 
ing plant has a great deal to do with what one has to do in the waste dis- 
posal plant. As I mentioned before, the trend toward systems which 
will fix this material in stable solids, which is now going through the 
minds of people in all the process plants, is a very important one in 
this regard. If they have the objective to fix the wastes in solids they 
will be able to do a great deal to arrange the situation beforehand. 

Representative Hosmer. In other words, you may have to treat out 
some things from your solutions before you put them in there? 

Dr. Hatcu. A simple example would be corrosion products. If 
one can use materials of construction which do not corrode appreciably 
the disposal problem may be reduced tremendously. I believe the 
time has come when the people in the chemical processing plants, and 
they certainly have their problems over and above the disposal diffi- 
culties, may ponder these matters of waste disposal a little more. I 
think we will then achieve a great advantage. 

Of course, these matters will all work themselves up the line and 
eventually they will be more thoroughly considered in the reactor 
design in the first place. 

The next chart, p. 1834, will show what we mean by the pick-up, the 
adsorption of strontium in the clay system. This picture shows the 
effect on a photographic film strip. It is shielded from other radia- 
tions, such as the light of the room, so that,only the radiation from the 
strontium 90 was effective on the film. 

The picture was made at the end of the run of the previous three 
columns that we saw. The film strip was put on the outside of the first 
glass tube and shows that the strontium was entering at the bottom 
and proceeding up toward the top. This height is 20 inches, which is 
one-third the height of the first column. 

This picture shows, not quantitatively but at least qualitatively, that 
the strontium is heavily concentrated in the lower part. This is at 
the end of 12 days of operation when some 200 column volumes had 
passed through the system. The written version mentions some of 
the figures. As I say, this is not a quantitative determination, so that 
we had to make chemical analyses on this waste to know what ac- 
tually was going on. The material going in at the bottom of the 
column had the 2 curies in 10 gallons, which amounts to roughly 120 
million strontium atoms disintegrating each minute in each milliliter 
of liquid, the milliliter being a cubic centimeter. Coming out at the 
top at the end of 12 days, the activity was being reduced to less than 1 
disintegrating atom of strontium in this same volume. This calculates 
out to roughly 180 million reduction of strontium 90 in this system. 
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Representative Honirienp. That is a very efficient elimination, isn’t 
it? 

Dr. Harcn. It is, except you then have to face a discouraging fact 
that you may need even more and probably do, so that reaching the 
level of a million reduction doesn’t permit one to be elated in this 
sort of work, and we are really aiming at the hundred million or the 
billion reduction factor. 

Representative Hosmer. Before you get away from that, you say 
this was circulated through there almost 200 times? 

Dr. Harcu. It was. It didn’t come back. It just kept on going. 

Representative Hosmer. Oh, it was not recirculated ? 

Dr. Harcn. No, not at all. We don’t want to recirculate it back. 

Representative Hosmer. If it were -recirculated, you shouldn’t 
get that pattern on the film ? 

Dr. Harcu. You would tend to, but the recirculation would change 
the picture. 

Representative Hosmer. It would diffuse it ? 

Dr. Harcn. Yes. I think one could safely say that up until the 
end of this time when this picture was taken, the situation was even 
better. Certainly it starts from zero and proceeds up to this point, 
so it is important to know that the material was passing through. 

I think we could have the next chart now. Now we proceed to 
perhaps the most important aspect of the problem. When we think 
of the safety aspects of what we are trying to accomplish, we have 
to think of the end result. No matter how well we take up the 
strontium on the clay, it is of no great value to us for the 500- or 
1,000-year period if we don’t do more. The clay that we had in the 
previous column might be out anywhere in nature. The clay actually 

came from California. It is a special kind of clay and it is mined 
there. If one found this material in the soil as you will in lesser 
degrees in most places you could get a similar uptake of strontium 
on the soil. But in the long run “I think this would not give the 
end result that we would want because, since the strontium would 
not be fixed there, another chemical solution could move it along, 
and these chemical solutions are not unheard of in the natural environ- 
ment. For instance, hard water will réadily flush this material on. 
Another thing, I won’t try to go into any quantitative numbers, but 
it is important, is that the carbon dioxide in the air which absorbs 
in rainwater making carbonic acid can also move this material along. 
So everywhere in this country—Hanford and elsewhere—wastes 
trapped in the soil are subjected to things of this nature and one has 
to think of the 500-year period and what can happen in this way 
to flush this material on. 

Representative Hortrrecp. This means that you have put some kind 
of ceramic container or other type of hardening around this clay in 
order to keep it free from the oxidation of the air and other liquids? 

Dr. Hatcu. A little more than that. The fixation is within, and not 
without, and I think to define our objective more nearly than any- 
thing else, we want this containment to apply to the individual atoms 
themselves, so any container around the clay is not in our considera- 
tion for the moment. We fix it there by doing what you just said, 
making a ceramic. We do it by heating the whole mass. If the clay 
is heated to about 1,700° Fahrenheit the radioactive material will be 

sealed in the clay to a high degree. So that we had to devise a means 
of testing the clay to see how well it was sealed within, and this chart 
37457 O—59—vol. 3 —2 
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(fig. 2, p. 1843) shows the result of a leaching test, a very simple test, 
by exposing the clay with the radioactive material in it to sea water. 
This is a high ionic strength solution and it is something nature has 
in great abundance and there would always be the possibility that it 
would come into contact with the solid. The chart shows the amounts 
of fission products removed by the liquid in terms of percentage of 
the amounts contained in the solid. 

The chart does not cover the full length of our experiment but it 
goes to 4 years and we have data now up to 6 years. The numbers on 
the chart indicate that clay has been heated for a period of 8 hours, for 
16 hours, for 48, 24, and 72 at the temperature. This is important, 
as you can see, because the 8-hour period shows that the radioactive 
material is progressively being released, at least up to 4 years. One 
cannot say whether or not this will level out in the future. It prob- 
ably will not ever shoot up but will go on. As we come down the line, 
we have the 72-hour heating curve which shows not only by appear- 
ance but by actual chemical determination, that there was no pro- 
gressive release beyond the first few weeks or days of the test. 

Now in the percentage numbers, as you will note, this is one-tenth 
of 1 percent. The magnitude of the small number is not of any great 
consequence. This may represent a considerable amount of radioac- 
tive material, even the 0.08 percent. But usually the solid has some 
little contamination on the outside and you do not have a clean solid 
system. So we do for the moment simply convince ourselves that this 
amount of material is of no consequence, provided it is not released 
from the solid beyond that point. 

Representative Hosmer. Those lines represent the accumulative 
amount of leach ? 

Dr. Hatcn. Yes. 

Representative Hosmer. In other words, on your 72-hour base, you 
— aval 0.08 percent at the beginning and then there is none? 

t stops ¢ 

a Hatcu. Yes, that is the point. I might say that such a test, 
very simple though it is, involves a great deal of the meaning of what 
we are trying to accomplish. Ifthe leaching were done, and we have 
done this on the very same material, using distilled water rather than 
sea water, we have this sort of straight line whether we had heated 
the clay for 8 hours, or 16, or 72 hours. Showing that the leaching 
test was not really a significant one. 

I think perhaps we have gone through the clay fixation. The next 
chart (p. 1837) will show just one more thing. This is, as you see, 
an artist’s conception of whet a clay disposal plant might look like. 
Please don’t feel that we have designed this plant as engineers should 
design things. This is just a representation of what we have in mind 
for the moment. This would represent a series of clay columns not 
contained in glass tubes obviously, but in durable containers about 
5 feet in diameter and 5 or 6 feet tall. They would be constructed 
of refractory materials in order that one could heat the whole mass 
to the high temperature and not disturb the system at all, just leave 
it in place. 

This represents a portable furnace on a crane to be lowered over 
the columns. The main design principle outside of the clay columns 
themselves is the arrangement of the columns such that we would get 
the best efficiencies out of the system, a so-called countercurrent oper- 
ation. This drawing does show that the engineering feasibility of 
this is a matter which we have been considering all along. 
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Now we have to go back, if you will, sort of retrace our steps a 
bit to the matters that you gentlemen have been asking about, what 
other things in the waste & interfere with the absorption on the 
clay. There are many, particularly with respect to those wastes which 
are derived from the reprocessing of aluminum and zirconium fuels. 
These wastes obviously have large quantities of aluminum and zir- 
conium ions, and these materials are positively charged ions and they 
are firmly attached to the clay, so that they interfere in the worst 
possible fashion with the absorption of the fission products. 

Mr. Totx. Would it be possible to pass it through another chemical 
solution first to remove those interfering ions? 

Dr. Harcu. I am sure this is a question one could not answer in 
general, because there is always that possibility. Specific things 
could be found that might take out just the aluminum and the zir- 
conium. However, you have to be very careful that you don’t take 
out also some strontium. The refinement with whaeds you have to 
separate these things is so great that you have a very great obstacle 
to try to doa thing like this. 

We felt that the best thing to do was to treat the aluminum and 
zirconium along with the strontium and cesium and in such a way 
that it could be disposed of directly. So we have gone to the s0- 
called calcination process, which is nothing more than converting the 
material to the oxide. The liquid systems are in the form of nitrates, 
fluorides, and if we put these through high temperature processes, 
we evaporate the water and then decompose the salts until we have 
the oxide. It is important in this respect that aluminum and zir- 
conium do form very stable oxides. 

The amount of bulk oxide product that we would have in the cal- 
cination process is much more than we would have if we had the 
strontium and cesium, absorbed in the clay. 

This chart (fig. 3, p. 1845) shows again a leaching of the aluminum 
oxide. In this case we were leaching it not with sea water but with 
weak nitric acid. The reason for this is simply a chemical one. The 
acid gives us a more accelerated test. 

One of the difficulties in this sort of study is that we are dealing 
with a 500-year period. There is no way we can have a 500-year 
test condensed to a few months of time, so that we have to accelerate 
the system so that in a reasonable number of days or years we have a 
measure of a long time. 

As you see, in this case of strontium 90, the waste has been calcined, 
as I said, but before this we added strontium 90 to the simulated 
waste to serve as tracer, so we can watch the behavior of strontium 
in this system. The removal of strontium, as you can see, is not the 
0.08 percent, as was the case with the clay, but 80 percent, or 85 in a 
matter of days, 60 days. 

Is my time running out ? 

Anyway, it shows the release of strontium from the oxide. There 
is really no way that we can finish this thing up in a hurry. 

Representative Houirretp. I might say, Doctor, that all of your 
prepared statement will be in the record. However, I just asked the 


staff member who was the theorist who set up this witness list, with 
15 minutes each. 
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Dr. Harcn. I am sorry. I am afraid I don’t understand how one 
could cover such a subject in the time allotted. I will apologize for 
the time. 

Representative Horrrretp. You don’t need to apologize. I apologize 
for the setup of the witness list, and the short time available to the 
committee. It is a complete impossibility to cover this subject in the 


time that has been set up on the witness list, however high our hopes 


might have been. 

Dr. Hatcn. We can end up here quickly. 

Representative Hortrretp. No, you go ahead. 

Dr. Hatcu. This shows the removal of the radioactive material 
from the solid, but the material removed is susceptible to going back 
into the clay system. It is now free of the aluminum and the zir- 
conium ions. There is one more chart that shows the kind of plant 
that we would need in this kind of calcination operation. 

Representative Hosmer. May I ask you, what is the purport of 
what you just said—that you can leach out some of the nonradioactive 
chemicals ? 

Dr. Hatcu. Leach them out ? 

Representative Hosmer. Without leaching out your radioactive 
ones. 

Dr. Hatcu. No; nothing specific to radioactive material. 

Representative Hosmer. All the same? 

Dr. Hatcu. Yes. 

Representative Hosmer. I am trying to find out if leaching with 
a particular type of leach would take out a particular element and 
leave the others. 

Dr. Hatcu. That is one of the delicate questions. Some things 
might react specifically; yes. It would take a broad knowledge of 
this sort of thing to say, but in general we think that one soluble 
substance behaves pretty much like another. This simply shows a 
diagram of a calciner plant. This is the rotary kiln unit that Dr. 
Lickesaii spoke of yesterday, very similar in principle to one that 
you might see in the manufacture of cement. It has to be designed, of 
course, with all the delicate controls to be sure that you do not create 
more of a hazard around the plant than you are correcting in what 
you are doing, because dust produced in this sort of operation would 
be a very serious hazard. The control of dust is probably the out- 
standing feature in the design of this system. I think that is sufficient. 

Representative Horirretp. Thank you very much for your presen- 
tation. I think the information is very valuable for the record. 

(The formal statement of Dr. Hatch follows :) 


FIXATION OF RADIOACTIVE WASTES IN STABLE SOLIps 
(By Dr. L. P. Hatch, Brookhaven National Laboratory, January 1959) 


The fixation of atomic wastes in solids is being developed at a number of 
laboratories and installations in this country and abroad as a basic and prac- 
tical step in a method of ultimate disposal of the wastes by means of permanent 
and confined storage. There are a number of reasons why the fixation step rep- 
resents a sound and logical approach to the disposal problem. First and fore- 
most among these reasons is the fact that the method is designed to chemically 
immobilize the radioactive atoms themselves by sealing them within the frame- 
work of highly stable solids. 
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The existence of large quantities of high-level radioactive wastes, such as 
would be produced in a major atomic power industry, would create a very special 
problem in that the amounts of long lived atoms (isotopes), at any one time, 
would be sufficient to seriously contaminate very large regions of the earth for 
centuries to come. It is an elementary but highly important aspect of the long- 
range disposal problem that no physical, chemical, or biological changes in any 
way reduce the toxicity of radioactive materials and they become less hazardous 
only as they are reduced in quantity through the independent and time-consuming 
process of radioactive decay. For some of the fission products, strontium 90 and 
cesium 137, the decay process is extremely slow and these materials, once 
released in quantity to the natural environment, would pose a problem of the 
deepest significance. The reported appearance of the long-lived fission product, 
strontium 90, in food and water supplies, in vegetation and in soil, over vast 
areas of the earth, as the result of the testing of atomic weapons, should serve 
as a very forceful reminder in this regard. 

It is with the foregoing points in mind that various methods of fixing the 
waste fission products in stable solids are being investigated as a basic preventive 
measure to insure that they would not at some future time be released to the 
natural environment either by accident, or by miscalculation, or by design. 

At Brookhaven National Laboratory we have been working for some years on 
a process for ultimate waste disposal which involves the adsorption and fixation 
of the fission products in one of the natural clay minerals. Briefiy, the system 
under investigation is based on the use of columns of extruded clay such as the 
one shown in figure 1. As the waste solution is passed through the column a 
chemical reaction takes place which results in an exchange of atoms (positive 
ions) between the liquid and the solid. The purpose is to bring about the adsorp- 
tion of the radioactive atoms in the solid in return for a release of equivalent 
amounts of nonradioactive atoms to the liquid. The adsorption process, which 
is known as ion exchange, is analogous to the mechanism of softening hard 
waters by the exchange of calcium and magnesium ions in the hard water in 
return for sodium ions in a solid such as one of the natural zeolites, or the more 
modern synthetic ion exchange resins. As will be explained later, there are a 
number of other chemical substances in the wastes which, as ionic constituents, 
also tend to take part in the exchange process. As a result there is a basic com- 
petition between the fission product ions and the so-called bulk ions with respect 
to adsorption on the clay mineral. 

The next chart (see p. 1831) shows an experimental system containing a series 
of three columns of clay which was used to measure the uptake, or adsorption, of 
strontium from a simulated waste solution. In this experiment roughly 10 gallons 
of the simulated waste which contained also amounts of strontium 90, as a tracer, 
equivalent to 2 curies of radioactivity (roughly 120 million atoms disintegrating 
per minute in each milliliter) was passed through the columns for a period of 
12 days. At the end of the experiment the solution emerging from the system 
was found to contain strontium 90 in a concentration measured by less than 1 
atom disintegrating per minute per milliliter. The net result was that the con- 
centration of strontium (both radioactive and nonradioactive) in the waste solu- 
tion at the end of 12 days of continuous operation was being reduced by a factor 
of about 180 million. The uptake of strontium 90 on the clay at various positions 
up the first of the three columns (in the direction of liquid flow) is indicated by 
the degree of blackening of a photographic film strip held against the outside of 
the glass tube containing the clay, as shown in the next chart. 

The actual fixation of the fission products in the clay mineral, once it is 
adsorbed there, is accomplished by heating the clay to about 1,700° F. 
The term “fixation” as used in the present sense is but a relative term and 
becomes meaningful only when expressed in terms of quantitative values. We 
have adopted a method for measuring the degree of fixation by determining 
the amounts of fission products released by the fired clay, in which they are 
contained, to a leach solution which, as selected for our purposes, is ordinary 
Sea water. The reason for this selection was that sea water would represent 
one of the strongest ionic solutions that might commonly be encountered in the 
natural environment and, therefore, the leaching test would be a rather severe 
one. The results of one series of measurements to determine fixation as a 
result of fusing mixed fission products in clay are shown graphically in the next 
chart (fig. 2). Here we concluded that there is no evidence of release of any 
significant amounts of the fission products to the sea water during a period of 
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contact of more than 5% years. At the very beginning of the experiment an 
amount of material representing some 0.08 percent of the total radioactivity was 
released to the liquid but we are inclined to attribute this to original surface 
contamination. 

The actual waste solutions, as they emerge from the reprocessing of nuclear 
reactor fuels, contain other chemical substances which have nothing to do with 
the fission process itself but which, as ionic constituents, interfere with the 
adsorption of the fission products on the clay. Examples of such materials are 
aluminum and zirconium, which were originally used in the fabrication of the 
reactor fuel elements, as well as certain acids and salts which were introduced 
in the chemical reprocessing steps. In our development studies the wastes con- 
taining bulk salts of metals, aluminum, zirconium, and the like are calcined to 
produce the stable oxides of these metals. The purpose in the calcination step 
is, first of all, to convert the bulk salts to stable oxides which are suitable for 
ultimate disposal, after some further treatment, on the basis that they will un- 
doubtedly contain considerable amounts of the fission products. The second 
objective is to bring about the separation, wholly or in part, of the fission prod- 
ucts that do not form stable oxides, so that they may be adsorbed on the clay 
mineral. The results of typical leaching tests on aluminum oxide produced in 
the calcination of simulated aluminum nitrate wastes are shown in figure 3. In 
each test the simulated waste solution contained very small amounts of the radio- 
active isotopes cesium 137 or strontium 90 in addition to the representative 
amounts of these elements in the nonradioactive form. Thus the radioactive 
isotopes are used, one at a time, as tracers to show the behavior of the element 
in question. Data from tests on the leaching of mixed oxides of aluminum and 
zirconium produced in the calcination of simulated wastes containing the zir- 
eonium and aluminum fluorides and aluminum nitrate also spiked with cesium 
137 and strontium 90 are represented in figure 4. As is seen in figures 3 and 4, 
complete separation of cesium and strontium from the bulk oxides has not been 
achieved in any of our tests, and we must be prepared to dispose of the bulk 
oxides on the basis that they will be permanently contaminated with these long- 
lived fission products. For this reason, as already noted, we look to the quali- 
ties of stability and permanence in the bulk oxides themselves, and we recognize 
the need to carry the leaching process to its conclusion from which point no 
further release of fission products from the solids would be forthcoming. 

A drawing showing the outlines of a proposed calciner plant is presented in the 
next chart (see p. 1840). The basic design feature in this plant is that rotary kilns 
are used for the calcination step and that the gases emerging from the calciners 
would be condensed to a liquid insofar as possible. The reason we emphasize 
condensation of the gases is that the small amounts of radioactive dusts which 
would be entrained in these gases would be trapped in the condenser. The con- 
trol of the highly radioactive dusts which, inevitably, are produced in the cal- 
cination process is a very serious problem and one that will require the utmost 
care in the design and operation of a calciner plant. 


Representative Horirretp. Our next witness is Mr. E. G. Struxness 
of the Oak Ridge National Laboratory: 


STATEMENT OF E. G. STRUXNESS,? OAK RIDGE NATIONAL 
LABORATORY, OAK RIDGE, TENN. 


Mr. Srruxness. Mr. Chairman and members of the committee, I 
would like first to answer a question asked by Congressman Durham 
yesterday of Dr. Morgan regarding the capital costs and the operating 
costs of the Oak Ridge National Laboratory waste disposal facilities. 


2 Date of birth December 26, 1913, Nome, N. Dak. ; Luther College, Decorah, Iowa. 1931- 
35, B.A... zoology, chemistry ; Northwestern University 1940-42, field zoology, animal physi- 
ology ; University of Tennessee, 1948-51, radiobiology: Oak Ridge National Laboratory. 
1955—present, section_leader; Union Carbide Nuclear Co., 1947-53, department superin- 
tendent: Carbide & Carbon Chemical Co., 1946-47, technical staff; Tennessee Eastman 
Corp., 1944—46, special hazards engineer ; AAF technical training command, 1942-44, senior 
instructor; Senior High School, Blooming Prairie, Minn., 1935-40, science instructor. 
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The capital investment of the complete waste handling and disposal 
system is $2.7 million. The operating costs of these facilities runs ap- 
proximately $269,000 a year. 

The construction cost of the process waste water treatment plant, 
which is the question that Mr. Durham was specifically interested in, 
was $260,000. 

Preliminary estimates of the cost of this lime-soda ash treatment is 
of the order of 18 cents per thousand gallons. 

This testimony is contained in a document entitled “Fixation and 
Ultimate Disposal”, copies of which have been submitted to the com- 
mittee and distributed. 

The possibility of converting radioactive liquid waste into an in- 
soluble solid is appealing because it would free the high-level waste 
dispsal problem from its present dependence on the geology and geog- 
raphy of the disposal site. Even concentrating the radioactive fission 
Larges from liquid waste into solid form, leachable or not, would 

a major step forward. Once they are robbed of the mobility of 
liquid flow, the fission products are far less hazardous. 

n theory, many possible methods of fixation are available. The 
investigations at Oak Ridge have been limited to mixing the waste 
with clay and certain common fluxes and heating the mixture to form 
a brick or sinter. In particular, these investigations have been con- 
cerned with the possibility of using heat from the decay of the fission 
products in the waste to form a sinter. 

Representative Hosmer. Would you further define the term 
“sinter” ? 

Mr. Srruxness. It is an overfired brick. This process would be self- 
contained and, therefore, safer. Two problems-are involved: 

First, the development of a mix which will form a satisfactory 
solid at a temperature low enough to be reached by fission product 
decay-heat; and, second, the design and engineering developments 
which will convert a laboratory procedure into a routine operation. 

The first sintering experiments at Oak Ridge were centered on the 
use of Conasauga shale, a local geologic formation, literally as cheap 
as dirt. This shale contains a fair amount of a clay mineral called illite 
that has this high affinity for the catioris that Dr. Hatch spoke of. 

Preliminary tests with tracer quantities of radioactivity were very 
encouraging. Later tests with actual high-level waste, however, 
showed that some of the sintered cakes were far more leachable than 
we had been led to expect from our early work. In particular, Mix 15, 
the best of some two hundred waste-clay mixes, would not retain 
cesium when the sintered mix was put in water. This led to a period 
of considerable reevaluation, particularly as to the practical need for 
making the solid desistant to leaching. Should we plan to store the 
solid where it would remain dry indefinitely and put all our effort 
into obtaining maximum physical strength and mechanical stability ? 
Or should we design a sinter so unleachable that it could be stored 
safely in any convenient location? For the present at least, we have 
decided to continue working toward our original goal of a leach- 
resistant solid. 

The leachability of a sinter depends on several properties, including 
surface area and solubility. A porous or powdery sinter exposes 
more surface area to be attacked by water than one which is dense 
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and impermeable. The differences in the physical properties of a 
sinter depend on composition, particle size, degree of mixing, rate of 
heating, and so on. The art of baking “mud pies” so that they will 
always be dense and impermeable is one that we are still learning. 

A more fundamental factor in leachability is the way in which the 
various radioactive elements are held in the solid material. The 
sinters are composed largely of very fine grained crystals, invisible by 
optical means but easily identified by X-ray diffraction analysis. 
Like all crystals, they consist of a lattice, or network; the snowflake 
is a common example of a type of crystal structure. We find that 
some of the radioactive elements are held mechanically in the open- 
ings of the crystal lattice, from which position they are easily re- 
moved. Other elements, however, are actually built into the crystal 
lattice itself and become part of it; these elements are not leached out 
easily. It is probably impossible to find a mixture which will build 
all of the fission products into the crystal lattice. For this reason, 
mechanical retention within the sinter must also be relied upon. Op- 
erational limitations make it desirable to form the fired sinter at as 
low a temperature as possible. 

We are having some success with our search for a mix which will 
yield better crystals. For example, the addition of boron in the form 
of boric acid has greatly improved the retention of cesium, and 
we are studying changes which will improve the retention of 
strontium. 

The engineering design of the pilot plant in which we hope to 
make a practical test with substantial amounts of radioactivity is 
based on our desire to use the fission product decay-heat to fire the 
sinter. This is not to save the cost of the power required, but because 
we feel the job can be done better this way. In the first place, the 
equipment is simpler and the combination of unbroken insulation and 
shielding around the sides and bottom of the sintering furnace pro- 
vides a desirable element of safety. Heaters immersed in the sinter 
must have connections with the outside and these connections, in addi- 
tion to the heaters themselves, are likely to fail. The heat from radio- 
active decay is not subject to failure. The cake, after it starts to 
harden, is a poor conductor of heat, and heaters imbedded in the cake 
tend to overheat the material nearest to them. Overheating can be 
serious because the off-gas problem ‘is greatly increased by the volatil- 
ization of some fission products if even a small part of the mix is heated 
above the minimum temperature required for sintering. 

The design of the pilot plant for self-sintering encountered a heat 
problem which we feel we have solved. The heat losses per unit 
volume are greater with a small furnace than with a large one be- 
cause the surface area of the small furnace is large in proportion to 
its volume. There is a minimum size below which sintering tempera- 
ture, = 850° C. (1562° F.), cannot be reached because of the prac- 
tical limitations of thermal insulation. 

The upper limit on size is determined by the hazards involved in 
handling large valumes of radioactive waste at our particular plant 
site. The compromise has been to build a small furnace surrounded 
by a heat barrier. The heat barrier is a blanket of exterior heating 
coils which will keep the furnace wall almost as hot as the sinter inside 
of the furnace, and so prevent heat loss. 
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Figure 1 (p. 1854) is a schematic drawing of this plant. It shows the 
biological shield, the mixer, the furnace, and the two containment 
vessels. Both the mixer and the furnace require a very efficient air 
cleaning system not shown on the diagram. During mixing there is 
some evolution of CO, which is conducted down this line and into 
the air-cleaning system. The air-cleaning system consists of a series 
of devices, a caustic scrubbing tower, followed by a condensate storage 
tank, a circulating caustic absorber, and a mechanical filter consisting 
of successive beds of sand, Soda lime, and charcoal. 

This air-cleaning system is so arranged that we can evaluate sev- 
eral combinations and cam sample at many points. The charac- 
terization of off gases and the evaluation of this system are im- 
yortant. objectives in this experiment. In operation the liquid is 
jettisoned into the mixer through this line. The solid materials are 
put into the hopper and pass down this line into the mixer. 

Following mixing, this valve is opened and the slurry is dumped 
down into the furnace. 

Representative Hosmer. This system requires a very high concen- 
tration of your liquids? 

Mr. Srruxness. Of the fission products; yes, indeed. 

Representative Hosmer. In other words, you have treated your 
waste down to where you have practically what you want to go into 
that batch at the time it goes in. In the previous process described, 
as I understand it, you take less concentrate and keep running it 
through. 

Mr. Srruxness. In the actual case, Mr. Hosmer, we do not plan 
to pretreat the waste. We simply plan to take the raw, “hot” 
wastes and introduce them into the system. 

Representative Hoxirretp. How do you get rid of the liquid? 
Through the evaporation ? 

Mr. Srruxness. A series of events occur in this sintering process: 

First, the temperature is brought to boiling. Then the water 
vaporizes and is passed into the air-cleaning system. Then the 
acid aluminum nitrate itself decomposes and creates oxides of nitrogen 
gas which are passed into the air-cleaning system; then the tempera- 
ture of the dry cake gradually rises to the predetermined sintering 
temperature. 

Representative Hotir1eLp. How do you remove the cake after it has 
had its firing ? 

Mr. Srruxness. After the sintering temperature has been attained, 
we plan to turn off the barrier heaters and let the cake cool down; 
if need be, to remove the thermal installation around the furnace to 
speed up the cooling-down process. 

Then, when the temperature of the cake has re to ambient 
temperature, which will take over a year and maybe several years, 
it is our intention to introduce water into the furnace and periodically 
analyze the water. 

Representative Hoririep. Does this not tie up your furnace for a 
long time ? 

Mr. Srruxness. No; it is designed in such a way that we can re- 
move the mixer and, with the aid of lifting hooks on the cover, re- 
move the complete furnace unit. The furnace is actually a double- 
lined furnace. The inner liner is attached to the cover. 
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Representative Hontrretp. Once you remove that cake from it, that 
has to be shielded until it cools down ? 

Mr. Srruxness. Indeed it does. It has to be shielded after it is 
cooled down, sir. 

Representative Honirreip. It takes about a year for the thermal 
heat to cool ? 

Mr. Srruxness. Yes. 

Representative Horirrerp. But at the end of that time it is still 
very heavily radioactive ? 

Mr. Srruxness. Yes. 

Representative Hoxirretp. So in storage you would have some kind 
of shield, would you not, certainly in the transportation of it in place 
of permanent storage ¢ 

Mr. Srruxness. We have given some thought, following the re- 
moval of the mixer, to installing a core-drilling rig on the same sup- 
ports and taking core samples of the cake in the furnace; that 1s, 
just withdrawing cores of the cake for further study. 

Representative Hosmer. This is all experiment now. You are not 
talking about process ? 

Mr. Srruxness. That isright. This is just an experiment. 

Mr. Torx. Would it be an oversimplification to say that your 
process is primarily a baking or a drying-out process, whereas Dr. 
Hatch was talking about a chemical combination process ? 

Mr. Srruxness. Well, there is chemical combination process going 
on in this mix as well as in Dr. Hatch’s procedure. We are con- 
cerned primarily about tying up cesium and strontium in the illite 
in the mixture. 

Representative Hoxirretp. After you imbed the radioactive ma- 
terial in the clay under the previous process you still have to have this 
firing in the sinter; do you not? 

Mr. Srrvuxness. I am sorry, I didn’t understand the question. 

Representative Horirreip. After the so-called flow process through 
the das particles and the ion exchange which imbeds the radioactive 
material in the clay itself, then you have to take the clay, do you not, 
and bake it in order to sinter it ? 

Mr. Srruxness. Yes. 

Representative Hoxirre.p. So this is a continuation of his process; 
isitnot? Itis not an ultimate process; is it? 

Mr. Srruxness. Following the mixing of these ingredients, the 
heat from the fission products contained in the slurry will bring the 
temperature of the slurry to boiling, the water is driven off, the un- 
stable salts are decomposed and finally a “fixing” temperature is 
reached. 

Representative Hortrtetp. So this is a continuation of the other 
process, of the flow of the mass of liquid through the clay particles? 

Mr. Srruxness. It is similar in this respect, sir; that we rely on the 
ion-exchange capacity of one of the raw materials in the mix, namely, 
illite, to tie up the cesium and the strontium. 

Representative Horirrevp. I understand that. Maybe my question 
isn’t a good question, but after it is tied up, then you run it through 
the top and you tie it up. Then is it deposited in this cooking vat? 

Mr. Srruxness. Yes. It simply sinters in the furnace. The one 
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remaining step in the complete process is the final disposition of the 
sinter. 

Representative Hotrr1etp. The removal and the permanent storage ? 

Mr. Srruxness. Right. 

Representative Hosmer. I am sorry to ask again, but Dr. Hatch 
mentioned that he had just slight traces of strontium in his test solu- 
tion. He pumped this through these clays and the ionization process 
occurred and then he took the stuff out and baked it. Apparently he 
put through a high volume of contaminated fluid that he was trying 
to purify. 

Vhat you do in this is, you have a low volume of high concentrated 
fluid? In other words, before you get into this, you have concen- 
trated your limits that you want to look into this sinter, and much 
the same as mixing cement, you mix them and then you have the 
sintering process generated from the radioactive heat itself rather 
than in separate furnaces ? 

Mr. Struxness. Right. 

Representative Hosmer. So you have to treat the waste chemically 
before it goes into this thing to a point where you have a very high 
concentration of whatever stuff you want to locate? 

Mr. Srruxness. Actually, Mr. Hosmer, the scale of this experi- 
ment is designed in such a way that we can dissolve one MTR fuel 
or one ORR fuel element and pour that liquid into our mixer. The 
only treatment involved in this procedure is simply to mix the dry 
ingredients with the liquid waste. 

Representative Hosmer. You are going to end.up that way then 
— : much greater volume of the sinters than Dr. Hatch, 1s that 
right ¢ 

Mr. Srruxness. Well, we assumed that we could dissolve this fuel 
element and end up with about 30 gallons of very high level waste con- 
taining approximately 100,000 curies. We would let that cool for 
some period of time and then introduce it into the mixer. 

Following the sintering procedure when the water is driven off and 
the unstable salts are decomposed and so on, we expect to end up 
with the radioactivity tied up in a cake,about 8 inches thick and 24 
inches in diameter. The volume of the final cake is about, as I recall, 
seven-tenths of the original volume of the liquid waste. 

Representative Hosmer. You have, say, stainless steel. You have 
all that steel and this has to go some place. Where does this go? 

Mr. Srruxness. In the actual case, were this procedure ever adopted 
as a routine disposal operation, these fuel elements would be dis- 
solved. The unspent fissionable material would be separated from the 
fission products. 

Representative Hosmer. That is actually done? 

Mr. Srruxness. Yes. In the actual case, sir, we would take the 
wastes that come from the fuel reprocessing plant and introduce 
them into our mixer. The pilot plant is now 90 percent complete and 
we are awaiting the completion of our laboratory work on sinter 
development to make the initial run. 

We cannot at this time foresee all of the engineering developments 
which might lead to self-sintering as a feasible and economical method 
of ultimate disposal. Undoubtedly we will continue to store these 
high-level liquid wastes for some time tocome. For the present, tank 

37457 O—59—vol. 33 
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storage is the safest and possibly the cheapest method of containing 
the wastes. However, we do not regard containment of radioactive 
liquids in tanks as an answer to the problem of permanent disposal, 

For reasons of safety, it would be better to self-concentrate the liquid 
to a solid residue in tlie bottom of the tank. Even this residue would 
be subject to decomposition and possibly too soluble to store there 
indefinitely. 


When these factors are considered, it would appear even better 
to develop a method by which wastes in the storage tank would self- 
sinter to produce an insoluble ceramic in which the long-lived fission 
products are permanently fixed. Fixation and storage in tanks pro- 
vides safe containment during the preliminary cooling period and has 
the added advantage of stability and, hence, greater safety for in- 
definite storage in situ. 

Representative Horirretp. Are there any further questions? 

Thank you very much, Dr. Struxness. 

(The formal statement of Mr. Struxness follows :) 


FIXATION AND ULTIMATB DISPOSAL 


(By E. G. Struxness, Oak Ridge National Laboratory, operated by Union Carbide 
Corp., for U.S. Atomic Energy Commission, Oak Ridge, Tenn.) 


The possibility of converting radioactive liquid waste into an insoluble solid is 
appealing because it would free the high-level waste disposal problem from its 
present dependence on the geology and geography of the disposal site. Even con- 
centrating the radioactive fission products from liquid waste into solid form, 
leachable or not, would be a major step forward. Once they are robbed of the 
mobility of liquid flow, the fission products are far less hazardous. 

In theory, many possible methods of fixation are available. The investiga- 
tions at Oak Ridge have been limited to mixing the waste with clay and certain 
common fluxes and heating the mixture to form a brick or sinter. In particular, 
these investigations have been concerned with the possibility of using heat from 
the decay of the fission products in the waste to form a sinter. This process 
would be self-contained and, therefore, safer. Two problems are involved: First, 
the development of a mix which will form a satisfactory solid at a temperature 
low enough to be reached by fission product decay-heat; and second, the design 
and engineering developments which will convert a laboratory procedure into a 
routine operation. 

The first sintering experiments at Oak Ridge were centered on the use of 
Conasauga shale, a local geologic formation, literally as “cheap as dirt.” Pre- 
liminary tests with tracer quantities of radioactivity were very encouraging. 
Later tests with actual high-level waste, however, showed that some of the 
sintered cakes were far more leachable than we had been led to expect from our 
early work. In particular, mix 15, the best of some 200 waste-clay mixes, would 
not retain cesium when the sintered mix was put in water. This led to a period 
of considerable reevaluation, particularly as to the practical need for making the 
solid resistant to leaching. Should we plan to store the solid where it would 
remain dry indefinitely and put all our effort into obtaining maximum physical 
strength and mechanical stability? Or should we design a sinter so unleachable 
that it could be stored safely in any convenient location? For the present at 
least, we have decided to continue working toward our original goal of a leach- 
resistant solid. 

The leachability of a sinter depends on several properties, including surface 
area and solubility. A porous or powdery sinter exposes more surface area to be 
attacked by water than one which is dense and impermeable. The differences 
in the physical properties of a sinter depend on composition, particle size, degree 
of mixing, rate of heating, and so on. The art of baking “mud pies” so that 
they will always be dense and impermeable is one that we are still learning. 

A more fundamental factor in leachability is the way in which the various 
radioactive elements are held in the solid material. The sinters are composed 
largely of very fine grained crystals, invisible by optical means but easily identi- 
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fied by X-ray diffraction analysis. Like all crystals, they consist of a lattice, or 
network ; the snowflake is a common example of a type of crystal structure. We 
find that some of the radioactive elements are held mechanically in the open 
ings of the crystal lattice, from which position they are easily removed. Other 
elements, however, are actually built into the crystal lattice itself and become 
part of it; these elements are not leached out easily. It is probably impossible 
to find a mixture which will build all of the fission products into the crystal lat- 
tice. For this reason, mechanical retention within the sinter must also be 
relied upon. Operation limitations make it desirable to form the fired sinter at 
as low a temperature as possible. We are having some success with our search 
for a mix which will yield better crystals. For example, the addition of boron 
in the form of boric acid, has greatly improved the retention of cesium, and 
we are studying changes which will improve the retention of strontium. 

The engineering design of the pilot plant in which we hope to make a practical 
test with substantial amounts of radioactivity is based on our desire to use the 
fission product decay-heat to fire the sinter. This is not to save the cost of the 
power required, but because we feel the job can be done better this way. In the 
first place, the equipment is simpler and the combination of unbroken insulation 
and shielding around the sides and bottom of the sintering furnace provides a 
desirable element of safety. Heaters immersed in the sinter must have connec- 
tions with the outside and these connections, in addition to the heaters themselves, 
are likely to fail. The heat from radioactive decay is not subject to failure. 
Also, this heat, which would be evenly generated within the waste-clay mixture 
itself, would produce a more uniform product without overheating some parts and 
underheating others. The cake, after it starts to harden, is a poor conductor of 
heat; and heaters imbedded in the cake tend to overheat the material nearest 
to them. Overheating can be serious because the off-gas problem is greatly 
increased by the volatilization of some fission products if even a small part of the 
mix is heated above the minimum temperature required for sintering. 

The design of the pilot plant for self-sintering encountered a heat problem 
which we feel we have solved. The heat losses per unit volume are greater with 
a small furnace than with a large one because the surface area of the small 
furnace is large in proportion to its volume. Thereis a minimum size below which 
sintering temperatures (~850° C.) cannot be reached because of the practical 
limitations of thermal insulation. The upper limit on size is determined by the 
hazards involved in handling large volumes of radioactive waste at our particu- 
lar plant site. The compromise has been to build a small furnace surrounded 
by a heat barrier. The heat barrier is a blanket of exterior heating coils which 
will keep the furnace wall almost as hot as the sinter inside of the furnace, and so 
prevent heat loss. This “adiabatic” furnace will permit the waste to heat and 
sinter itself exactly as though we had a unit several times this size without a heat 
barrier. 

Figure 1 is a schematic drawing of this plant. It shows the outer containment 
vessels, mixing tank, furnace, heat barrier and: radiation shield. For safety the 
mixer and furnace unit requires an off-gas cleaning system with a variety of 
devices such as a condenser, caustic scrubbing tower, jet mixer with recirculating 
caustic absorber, and filters so arranged that we can evaluate several combina- 
tions, and can sample at many points. The characterization of off-gases and 


’ evaluation of this system are important objectives in this experiment. In opera- 


tion the liquid waste and solid materials are added to the mixer through the 
shield block and, after mixing, are dumped into the furnace. The sinter, once 
formed, can be removed either for testing or disposal, and the same plant used 
to fire more sinters. The pilot plant is now 90 percent complete, and we are await- 
ing the completion of our laboratory work on sinter development to make the 
initial run. 

We cannot at this time foresee all of the engineering developments which might 
lead to “self-sintering” as a feasible and economical method of ultimate disposal. 
It is doubtful whether it will ever become a production-line operation along the 
lines suggested by our laboratory and pilot plant equipment. It is reasonable, 
however, to consider the application of self-sintering as an adjunct to tank 
Storage. The problem of mixing radioactive wastes in the tank with inert addi- 
tives to produce the ultimate sinter could be accomplished by a remotely operated, 
closed-loop arrangement of pumps and mixers. The wastes would be pumped 
out of the tank and the waste-clay slurry pumped back in. Repeated recircula- 
tion through such a system should provide adequate mixing. Following this, 
the mixture would self-sinter at the required temperature. Certainly, the self- 
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heating cycle would be more easily accomplished in a large, underground storage 
tank than it has been in the small furnaces used in our laboratory. 
Undoubtedly we will continue to store these high-level liquid wastes for some 
time to come. For the present, tank storage is the safest and possibly the 
cheapest method of containing the wastes. However, we do not regard contain- 
ment of radioactive liquids in tanks as an answer to the problem of permanent 
disposal. For reasons of safety, it would be better to self-concentrate the liquid 
to a solid residue in the bottom of the tank. Even this residue would be subject 
to decomposition and possibly too soluble to store there indefinitely. When 
these factors are considered, it would appear even better to develop a method 
by which wastes in the storage tank would self-sinter to produce an insoluble 
ceramic in which the long-lived fission products are permanently fixed. Fixa- 
tion and storage in tanks provides safe containment during the preliminary 
cooling period and has the added advantage of stability and, hence, greater safety 


for permanent storage in situ. 


Representative Horirretp. Our next speaker is Mr. R. L. Doan of 
Phillips Petroleum Co., on the same subject. 


STATEMENT OF R. L. DOAN,’ PHILLIPS PETROLEUM CO. 


Mr. Doan. Gentlemen, I would like to make a statement on behalf 
of Phillips Petroleum Co. as operator of the Idaho Chemical Proc- 
essing Plant relative to the waste disposal research and development 
program on the fixation and ultimate disposal of high-level wastes at 
the Idaho Chemical Processing Plant. 

The ultimate disposal of. high-level wastes from the processing of 
spent-fuel elements has been generally recognized as one of the most 
important problems in the atomic energy field. The storage of radio- 
active wastes as liquids has always been considered a temporary and 
not a final solution. Ultimate long-term safety is not assured 
by this method because of possibilities of tank rupture due to cor- 
rosion, fabrication defects, or major ground disturbances which 
would release radioactivity. Such storage is quite expensive as in- 
dicated in previous reports to this committee. 

For example, as I pointed out yesterday, the investment cost of 
wadeeguened storage tanks at the Idaho Chemical Processing Plant 
is about $2.63 per gallon for aluminum,alloy wastes and $4.90 per 
gallon for zirconium-alloy wastes. 

_ The search for more effective and more permanent disposal methods 
is being conducted at many institutions. The best solution will un- 


doubtedly involve the reduction of the wastes to solid form for 
storage. 


Some advantages are— 

1. Since solids can be made in forms similar to earth materials, 
they should be retainable in a storage location indefinitely. The loss 
to ground of contained fission products even without additional 
fixation should be many orders of magnitude lower than that of 
fission products in solution. 

2. In the event of an earthquake solids are relatively immobile. 

3. Since water is removed in converting to solid form, storage 
volumes are markedly reduced, except as inert materials are added. 


4. Containment structures can be simplified since solids are less 
mobile and less corrosive than liquids. 





* See biographical sketch, p. 598. 
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5. Earth-like solids appropriate as storage media, though poorer 
conductors of heat than liquids, may safely be allowed to reach 
much higher temperatures in storage. 

Fluidized bed calcination: In keeping with the responsibility of 
operating the Idaho Chemical Processing Plant, Phillips Petroleum 
Co. has explored the field of solids preparation and disposal, has 
studied the approaches which others have tried, and has picked one 
promising attack for detailed study. The aim has been to develo 
an economical and mechanically simple process which will provide 
complete containment, or, at least, a significant reduction of the pos- 
sibility of fission products escaping to the environment. Laboratory 
and pilot plant work during the past 2 years has developed the process 
sufficiently to warrant the construction of a small demonstration plant. 
This work has been confined mostly to handling aluminum nitrate 
wastes which constitute the bulk of the ICPP wastes at this time. 

There are approximately 750,000 gallons of these aluminum nitrate 
wastes stored in underground tanks at the chemical-processing plant 
as a result of process operations to date. 

Briefly, the process involves flashing the liquids directly to solids 
on a high-temperature bed of previously produced solid particles. 
The advantages of such fluidized bed calcining operation, as compared 
to other methods for the production of solids, are— 

The absence of moving parts in the calcining device and in 
most process steps ; 

Its easy applicability to continuous processing ; 

The efficiency with which heat required for decomposition is 
transferred ; 

The ease with which the product may be transferred to storage; 
and 

The utilization of the aluminum oxide as the fission product 
retaining medium. 

The process steps consists of fluid bed calcination, treatment of the 
offgas to remove volatile fission products and entrained radioactive 
dust, and storage of the solids in underground concrete vaults. These 
— described in somewhat more detail in the following para- 
graphs. 

The calciner consists of a cylindrical vessel containing a bed of 
granular aluminum oxide. The bed is supported on a perforated plate 
which serves as a gas distributor. Prohseted air is passed upward 
through the plate to fluidize the bed, the entire dense mass behavin 
much like a vigorously boiling liquid. The resulting high state o 
agitation ensures complete mixing of the bed and provides excellent 
conditions for the transfer of the heat required to evaporate the 
water present and to decompose the nitrate salt. Additional heat is 
supplied through the vessel wall or through heat-transfer tubes with- 
in the bed itself. The bed is maintained at a temperature within the 
range of 750° to 1,000° F. 

The waste solution is injected directly into the bed through spray 
nozzles. The liquid droplets, upon coming into contact with the hot 
solid particles, are dried and their contained solids are decomposed 


to oxides. The solid product is deposited upon the particles in the 
bed and these particles are continuously withdrawn from the bottom 
or from an overflow pipe. 
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The calcined product, consisting of sand-like granules of alumina 
containing the fission products, is transported by pneumatic means 
to the storage vessels. Because of the refractory nature of alumina, 
it can be allowed to reach relatively high temperatures in storage as a 
result of the heat liberated by fission product decay. 

The gases leaving the calciner consist of air, steam, and oxides of 
nitrogen. Entrained dust particles, which will be highly radioactive, 
are removed by scrubbers, cyclones, filters, silica gel adsorbers, et 
cetera, before release of the gas to the atmosphere. 

Water-vapor and nitric-acid fumes are largely discharged to the at- 
mosphere. At other sites, where a particular economic or environ- 
mental situation would justify such a process step, the nitric acid 
could be recovered for reuse or neutralized for normal disposal. 

Present status: the present status of the development program can 
be summarized as follows: 

1. The operable feasibility of the calciner has been established in 
pilot-plant equipment, working with nonradioactive simulated waste 
solutions. A scale-up model is being built to investigate more opti- 
mum conditions of operation. 

2. Ruthenium appears to be the only significantly volatile fission 
product at calcining temperatures up to 1,000° F. Small-scale labora- 
tory experiments show that this element should be removed adequately 
from the gas by scrubbing with dilute acid and/or adsorption on 
silica gel beds. : 

3. Unsolved problems still exist in the removal and retention of 
very fine radioactive dust carried in the offgas stream. It has not 
been proven conclusively that this dust can safely be released to the 
atmosphere. 

Studies have been conducted on porous metal filters, cyclones, 
scrubbers, electrostatic precipitators, and absolute types of filters. 
The data obtained on these devices indicate that all but the smallest 
particles can be removed with excellent efficiency. No sampling and 
analytical methods exist which will determine the quantity or particle 
size distribution of very fine dust from “cold” material with sufficient 
accuracy to evaluate the radioactive release from the calcining plant 
to the atmosphere. 

Work is continuing on the evaluation of gas cleaning equipment, but 

the final answers, including operating efficiencies of scrubbers, cy- 
clones, et cetera, can only be obtained by the use of hot material and 
by using equipment of engineering size. 
_ It should be mentioned that the production of these fine particles 
is encountered more or less in all gas-generating processes for con- 
verting liquids to solids, but is somewhat more acute in a fluidized 
bed process. 

The effective removal of dust from vented gases has been accom- 
plished in many industrial operations, but its retention for the pres- 
ent purpose must be orders of magnitude better due to the radioactivity 
which is present. 

4. In the storage of the solid wastes there is a possible problem with 
respect to the removal of the heat generated by the radioactive decay 
of the fission products. A cubic foot of the fission product-bearing 
alumina produced by the calciner, if secured from highly burned up 
reactor fuel and after the usual 4- to 6-month decay period, is calcu- 
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lated to generate heat at a rate of about 800 watts, which is about that 
of a household toaster. Since alumina is a good insulator, this heat 
is not easily conducted from the center of the mass to the outer sur- 
faces. Hence, inside temperatures can rise to very high values. As 
the shorter lived fission products decay, the rate of heat generation 
decreases until after 5 years it is only about 1 percent of the above 
figure. At that time the fission products cesium and strontium are 
the principal sources of heat. 

Experiments are being conducted in the ICPP hot cell to produce 
about a cubic foot of full activity level wastes for direct studies of 
heat generation and removal. 

Experiments have demonstrated that there is a good possibility of 
removing practically all of the cesium, about three-fourths of the 
strontium, and a few percent of other fission products by leaching the 
alumina with hot water or dilute acids. Thus there is a Epona 
of alleviating the heat problem for long-term storage. Further, suc 
leach solutions can be treated to concentrate these fission products 
for sale as radioactive sources. 

Future program: As mentioned earlier, development has reached 
the stage where larger facilities are required we construction of a 
semiworks plant at the Idaho Chemical processing plant is under- 
way. The objectives of this plant are— 

1. Resolution of problems which can only be demonstrated at full 
activity level and on equipment of engineering size. 

2. Provision of quantities of solid wastes for study of the storage 
problems, further development work on fixation of fission products, 
and other studies. 

3. Demonstration of the process and study of the operational be- 
havior of the plant. 

4. Collection of engineering data for design of full-scale plants. 

Engineering design is essentially complete and construction is in 
progress for a 60-gallon-per-hour facility. The 4-foot diameter 
caleiner will be operated at about 750° to 1000° F. The simple, but 
highly efficient off-gas components will include high efficiency cyclones, 
wet scrubbers, adsorber filters packed with silica gel, and positive 
AEC-type filters. Provision is being made for installation of addi- 
tional or alternate gas-treating components should the initial system 
not prove sufficient. 

Calcined alumina will be transferred by an air stream to the solid 
storage vessels, Sufficient storage volume will be provided initially to 
store about 1 year’s production of solids. Since the behavior of the 
radio-active solids when stored as a powder in large mass is inade- 

uately known, the central temperature of the mass of solids will be 
limited to that at which calcination is conducted. Thus fission products 
which are not volatilized in the calciner should not volatize in storage. 
The solids will be contained in narrow vertical annular chambers 
with intervening passages for cooling by forced air. The design is 
based on storage of wastes 2 years after reactor discharge since wastes 
of this age do not generate as much heat and will be available for 
study, and since it is possible to store younger wastes as liquids in 
the tanks available at the ICPP. 

For storage of further quantities of alumina produced by the 
calciner, advantage will be taken of information developed in the 








at 
at 
ir- 


lucts 
rage. 
bers 
m. is 
astes 
. for 
is in 


- the 
. the 


INDUSTRIAL RADIOACTIVE WASTE DISPOSAL 1859 


plant to permit simplification in design and reduction in cost. A 
special experimental storage facility is planned in which central tem- 
peratures in the alumina can be siveed 4 rise under control to very 
high levels in order to determine the feasibility of uncooled storage. 

No equipment is being planned in the demonstration plant to permit 
leaching and recovery of the fission products from the alumina. 
Development activities on this phase of the program will be carried 
out in the general ICPP hot pilot plant facilities. The most effective 
equipment can be added later to the demonstration plant. 

The development and demonstration of this fluidized bed calcination 
process represents an important advance in the solution of the waste- 
disposal problem. In principle, this same process can be applied to 
types of wastes other than nitrate wastes derived from aluminum-type 
fuels. Exploratory tests on simulated wastes from processing 
zirconium and stainless steel fuels indicate that these fluoride and 
sulfate containing wastes are readily calcined to granular solids. As 
soon as time ane manpower are available, investigations of these 
wastes will be undertaken. 

In connection with the operation of the processing plant in Idaho, 
Phillips Petroleum Co. has been investigating, and will continue to 
investigate, ways and means of reducing the cost of present liquid- 
storage methods. Programs which are under way include reduction 
of the quantity of liquid wastes by changes in the fuel-processing 
system, separation of the bulk quantities of inactive components, such 
as salts of aluminum, zirconium, and iron, from the relatively small 
quantity of radioactive constituerits, and finally, the neutralization of 
acidic wastes to permit storage in cheaper tanks. Presently we use 
stainless-stee] tanks. An effective way of neutralizing the wastes so 
they can be stored in something cheaper than stainless steel would, of 
course, be an advantage, if you have to stick with liquid-storage 
methods which presently we do not believe to be the case. 

Representative Hotir1eLp. Does this experimental work you are do- 
ing stem from the $3,200,000 authorization we made last year in the 
fiscal 1959 budget ? 

Mr. Doan. I presume it does. The cost, I believe, of this total 
facility is of the order of $5 million. 

Representative Hoxirtexp. Is this project sufficiently financed ? 

Mr. Doan. I believe we are all right. 

Representative Hoxrrretp. Do you know if there is an item in the 
1960 budget for extension, or not ? 

Mr. Doan. I am not sure of that. 

What we would like to do is to learn as much as we can with refer- 
ence to this plant and if it looks feasible then to come in with an item 
for a larger plant which will take care of all of the aluminum alloy 
waste. 

Representative Horirrerp. Are there any further questions? 

Representative Hosmer. The process you described has the purpose 
of turning wastes into solids of some sort ? 

Mr. Doan. That is right. 

Representative Hosmer. Whereas the previous witnesses were anx- 
ious to turn them into solids of a particular sort that are not subject 
to leaching and so forth? 
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Mr. Doan. What we are really trying to do is to take the large bulk 
of waste, solution waste, presently in underground tanks, just as it is, 
= turn it by an economical method into solids. This results in two 
things: 

A big reduction in volume and the permissibility of storing this in 
something less than costly stainless steel tanks, underground concrete 
vaults, or something like that, where you don’t have the corrosion 
omen? or the dispersal] problem, or the leaking problems that you 

ave with liquid wastes. 

Representative Hosmer. You do point to a further reduction in vol- 
ume factor in connection with cesium and strontium by the paragraph 
in connection with leaching. 

Mr. Doan. Yes. 

Representative Hosmer. If you can get those out you have a further 
reduction factor, but you still have the problem of some kind of con- 
tainer. 

Mr. Doan. Principally you get out the cesium which is one of the 
chief heat generators, the cesium and strontium, and, of course, also 
pa are two of the most likely radioisotopes which can find commer- 
cial use. 

We know we can leach them out with water. It may prove practical 
to do it. It is a question of whether the cost of the plant to do it can 
be justified on the basis of reducing the heat generation rate and per- 
haps by a market for the cesium. 

epresentative Hosmer. Thank you. 

Senator DworsHaxk. Mr. Doan, will it be necessary to store or im- 
mobilize those wastes permanently, or will it be possible to eliminate 
the waste materials which may cause contamination ? 

Mr. Doan. One will have to store them over a period of several 
years. If you could get out the cesium and strontium, which are 
long-lived radioistopes, with half lives of the order of 25 to 30 years, 
this would be very helpful. 

Unfortunately, as Dr. Wolman has pointed out, you never get them 
out so completely that you can just go and shovel the residue out on 
the ground some place. You will still have to keep it retained. 

Senator DworsHak. There will always be a threat from those waste 
materials so long as they are even underground ? 

Mr. Doan. It isa long-term problem. I would say that the hazards 
are substantially reduced by turning them into solids. 

Representative Hottrretp. Thank you, Mr. Doan. 

Before Mr. Heroy speaks, we have several statements for the record. 

(The statements referred to follow :) 
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THE INTERACTION OF RADIOACTIVE NUCLITES AND SOILS 


An Account of our Present Position with Respect 
to the Basic Problems Involved 


oy 


HENRY Ce THOMAS 
Depts of Chemistry, Unive of Ne Cey Chapel Hill, Ne Ce 


and 


Ne Te COLEMAN 
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Henry C. Thomas was born in Cheraw, South Carolina, January 30, 1910, 
the son of the Right Reverend Albert S. Thomas and Emily Carrison. He was 
graduated from the University of North Carolina, B. S. 1931, M. S. 1932 and 
received the Ph.D. from Yale University in 1935. After two years with the 
Explosives Department of the du Pont Company he returned to Yale, where he 
taught in the Chemistry Department until 1957. In 1957 he moved to the 
University of North Carolina, where he is now Professor of Chemistry. His 
research interests have included the theory of chromatogrephy and the study 
of the physical chemistry of ion sorption on silicate minerals. His interest 
in the problems discussed in this peper came as a result of a year spent as 
Visiting Scientist at Brookhaven National Laboratory (1948-49). Since that time 
his principal research efforts have been directed toward these problems. He 
serves as consultant to the Savannah River Laboratory of the du Pont Company 


and as the representative of the University of North Carolina on the Council of 


the Oak Ridge Institute of Nuclear Studies. 
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American Society of Agronomy, Soil Science Society of America, International 


Society of Soil Sciencee Research in ion exchange, mineral nutrition and 


biochemistry of plants, various aspects of soil chemistry and mineralogy- 


Although this paper is presented in connection with discussions of the 


fixation and ultimate disposal of the radioactive by-products of the nuclear 


industry, the authors have felt that they could make their most useful 


contribution rather by assuming that fixation will never be quite complete 


and disposal never quite finale We shall, therefore, consider the problems 


which arise when we must account for the fate of radioactive poisons which 


have escaped to the environmente It is all too easy to imagine situations 


in which this type of knowledge will be a necessity, even when the house- 
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keeping of the industry is at its most effectivee Even if we totally discount } 


the possibility of a’ bombing, we cannot rule out the possibility of a nuclear 


catastrophee And we must always expect a slow release from control of the 


undesirable radioactive nuclides.e Furthermore, in any disposal operation 


utilizing the earth directly, a necessary part of the operation will continue 


to be a constant monitoring of the disposal site and its environs. 


Any aids 
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to these very expensive operations which may come from studies of the character 


discussed in this paper would evidently be highly desirablee 


In the following we shall arbitrarily limit ourselves to an account of 


the effects to be expected with water solutions of the nuclidese 


The fate 
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of particulate matter in the earth is certainly extremely important, and 
probably of first importance in connection with radioactive fallout. This 
aspect of the problem we do not consider, but rather we limit ourselves to 
the materials resulting from the eventual dissolution of solid particles. 

We consider first general types of soils, their distribution, and the 
minerals contained in them which actively interact with dissolved material. 
An account is then riven of the types of chemical hinding between these 
minerals and dissolved radioactive nuclidese We are led to a survey of the 
more purely scientific problems which arise when one tries to give a 
quantitative discussion of the various types of sorption observede The 
present state of our knowledge is made evident by a review and discvssion of 
some of the published work in the fields We then pass to more complex 
problems: Those which arise in attempts to predict the motion of radioactive 
nuclides in the soil- In conclusion we try to indicate profitable 
directions in which scientific work should proceed in order to buttress our 
position in the duty of safeguarding the people of the United States from 
at least a few of the highly undesirable effects of ow ranid technical 


progress. 


I Distribution and Characteristics of Soils 
Soils are natural bodies, exceedinsly diverse in charactere Though 
classification schemes which include breakdown into detailed properties have 
been devised, we can look onlv at the generalized description of soils which 
enables division into a few major froupse Sinoneen” has described in a very 
general manner the distribution of the world's soils into six broad belts, 
those in each belt havinre somewhat similar characteristics. Soils in a given 


belt are further subdivided into great soil eroups, of which there are about 


forty in the United States. 
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Soil groups bear rather exotic names, largely of Russian origin. 
Podzolic soils occur extensively in humid regions between 35 and 70 degrees 
north latitude, and to a lesser extent in comparable regions south of the 
equatore In the United States, these are the soils of the Northeast and 
of the humid-region mountainse They are strongly weathered, acid, low in 


bases and in organic mattere Latosolic soils occur primarily in wet tropical 





and sub-tropical arease Weathering to great depths and prevalence of iron 
and aluminum oxides are prominent featurese The red and yellow soils of the 
Southeastern United States are latosolic in character. Chernozemic soils 
occur mainly in temperate regions with rainfall between 15 and 30 inches 


annually, though some are found in the tropicse They are moderately 


weathered and are of hizh clay content and base statuse Free Caco, generally 
occurs in deeper layerse The prairies of the central United States fall into 
this category Desertic soils occur in truly arid parts of the worlde { 
Weathering has been slight, and soluble salts, free carbonates, or both, are 
prevalente Tundra soils exist in the cold-storage part a the world, and are 
frozen for much of the yeare They consist, for the most part, of slightly 
weathered rock frarmentse Soils of Mountains are a last groupe They are 


stony, generally shallow, and there are inclusions of other soil groupse 


Not contained in the reneral classification indicated above are the 


EL LE LT TT 


locally important Coastal Plain sediments on the Atlantic and Gulf Coastse 
This band of soils, extending inland as much as a hundred miles, generally 


has sandy surface soils underlain by material varying in texture from sand 


to clay. 


en ee 


Soils containing more than 20 per cent organic matter are termed organic} 


those with less are minerale Organic soils such as peats and mucks occur 
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in local areas, usually of poor internal drainage, and may contain as much 

as 95 per cent carbonaceous materiale At least 95 per cent of the mass of 

most upland soils is mineral. Oxygen forms the framework for soil minerals 

and it; hydrogen, silicon, aluminum and iron are the most abundant elements 

in mineral soils. Except for calcareous soils, which may contain as much as 

75 per cent calcium carbonate, and sore latosols high in TiO,» oxides of 

silicon, aluminum and iron make up at least 90 per cent of the mineral portione 

Silicon, aluminum and iron exist in soils in primary, clay and oride mineralse 
The chemical composition in a given soil varies with depthe Because of 

accumulations of clay and oxide minerals in deeper layers, Al,0. and Fe,0 


e323 es 2 


contents usually are hirzh in subsurface lavers, thile that of Si0, is lovere 
Organic matter content decreases rapidly with depth. Soil contents of 
stable Sr, Cs and rare earths usually are very smalle On the average, there 
are some three atoms of Sr per 1000 atoms of Cae 

Most of the common rock-forming minerals in soils occur in sand and silt 
fractions» As a result of weathering, as well as of parent rock differences, 
their proportions vary tremendously from soil to soile Quartz predominates in 
the sand and silt of humid-region soils, having accumulated at the expense 
of less-resistant pyroboles, micas and felsparse Average percentares of 
quartz, felspars and micas in the sand fractions of humid-region soils are 
90, lh and 165, respectively. In subhumid and arid region soils, contents of 
non-quartz minerals in sanc-size fractions are larger, averaging 20 and 37 
per cente 

Clay and sesquioxide minerals make up the bulk of the cley-size fraction 
of soils, though others may be present. The proportions of various mineral 


Species vary from soil to soil and within a particular profilee The mineral 


compositions of clay fractions can be generalized through reference to a 
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listing of minerals in the order of increasing resistance to alteratione 


Generally, minerals near the top of the list (taken, with some modification, 


j 


c . - . . 
from Jackson ) predominate in clays of slightly weathered soils, such as 


those in the Chernozemic and Desertic beltse 


Those near the bottom -ccur 


in soils which have been exposed to drastic weathering, as in the case of 


latosolse 
Type minerals 
I 
n Felspars 
; Muscovite-Dlite 
e 
a Vermiculite-inter- 
s stratified clays 
’ Montmorillonite- 
: Beidellite 
S Kaolinite-Halloysite 
: Gibbsite-Allophane 
b Heme tite-Goethite 
i 
. Anatase 
i 
t 
7 


Type soils in which dominant 


Glacial soils of Southern Canada 


Subhumid and arid soils, glacial 
soils of temperate rerions 


Subhumid and arid soils (from 
weathering of micas), R-Y Podzolic 


Volcanic ash, limestone, basic 
rock soilse Weathering of micas 
in temperate rerions 


R-Y Podzolic, some Latosols 
R-Y Podzols, Latosols 


5-30% in R-¥ Podzolic, 30-75% 
in Letosols 


Up to 35% in some Latosols 


In zonal soils of humid-cool to subhumid-temperate areas, illite is the 


predominant minerale 


occur in humid-temperete refionse 


of gibbsite and hematite predominate in warm-humid regionse 


Mixtures of kaolin-vermiculite-interstratified minerals 


Kaolins trith admixtures of smaller amounts 


Under tropical 


conditions, the proportions of sesquioxide minerals are high and in extreme 


cases only these minerals remaine 


of montmorillonoids. 


as by imperfect drainagee 


Arid, basic conditions favor the formation 


These also occur where soil development is reterded, 


ee 


_ 
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The soil characteristics in which we are most interested, for our present 
purposes, are those which deal with the sorption of cations and anionse 

In clay minerals, as in micas, there is extensive proxying of ions in 
octahedral and tetrahedral lattice positionse The resulting unbalance of 
charge requires the presence of cations external to the lattice to maintain 
electroneutrality, and gives rise to cation exchange capacity. Lattice 
charges are large for micas and vermiculite (135-270 meq per 100 gm), 
intermediate for montmorillonoids (80-135 meq per 100 gm) and quite small for 
kaolins (2-10 meq per 100 gm)e In clay mineral micas and in vermiculite, 
much of the lattice charge is balanced by cations which occur between closely 
adjacent fixed lattice layerse Inter-layer potassium ions in micas are not 
displaced under ordinary conditions, anc are not counted with the exchange- 
able cations, though they are bound by the same kinds of forcese The cation 
exchange capacities of mica clays vary between 20 and 0 meq per 100 gme 

The common interlayer ions of vermiculite are calcium and maenesiun, 
though vermiculite-like minerals with inter-layer aluminum appear to exist in 
many sOilse Rates of ion exchange are low for such minerals, particularly 
when ammonium or potassium is one of the exchanging ions, and the cation 
exchange capacity is not well definede On the other hand, cations balancing 
the isomorphous substitution charges of montmorillonoids are almost completely 
exchangeable, and there are excellent correlations between the exchange 
capacities of these minerals and their chemical compositions. Lattice 
substitution also appears to contribute to the cation exchange capacity of 
kaolins, though the charge here is smalle 

Lattice terminations can result in further development of negative charge, 


particularly when the pH is above 6 Protons may ionize from SiOH rroups 


37457 O—59—vol. 3——4 
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around the edges of clay particles and edge aluminum ions may adsorb OH 


or may shift coordination from 6 to 4 as pH is raisede Maximum development of 


of edee charge occurs at around pH 10. The mapnitude of the negative charge at 


which can develop on lattice terminals depends on edge areae In meq per 






100 gm, it is about 20 for montmorillonite, 10 for illite, anc 2-10 for kaolin 
depending on particle size and crystal forme 

Allophanes have cation exchanre capacities (pH 7) of from 60-120 meq per 
100 gme Probably this results largely from coordination shifts involving 
aluminume 

The organic matter of soils consists of a poorly-defined conglomeration 
of carbonaceous material, but is known to contain carboxyl, phenol, enol and 
imide groupse Ionization of protons from these resvlts in negatively charged r 


particles, the charge increasing with the extent of ionizatione The apparent 


5 


ionization constant for COOH groups of soil organic matter is about 10 ~. 


a 


Other acid groups ionize appreciably only at pH's above 7. The carboxyl 
content of soil organic matter varies between about 150 and 275 meq per 100 m™ 
Organic matter can bind as much as }00 meq of cations per 100 pm at high pHe 4 
Most soils contain two or more clay minerals, with organic matter 
admixed at least in the layers near the surfecee Becavse clays, and organic 
matter in particular, correspond to a series of weak acids of varying strength, 
it is useless to attempt more than a formal definition of cation exchange 
capacity, since it generally depends on the environmente Perhaps the most 
realistic view, particularly in acid soils, is that the effective cation 


exchange capacity equals the sum of the meq of exchangeable cations as 


Seg 


displaced by exhaustive leaching with a salt solution. The convention usually 


employed, that of exchange capacity as the quantity of WH,” sorbed from 


a crea 


neutral 1N NH) OAcy is quite artificiale 
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Some rather qualitative predictions concerning the exchange capacities 
of soils can be made from a knowledge of the clay and organic matter contents, 
and from the kinds of clay minerals present and their capacities, as deduced 
from material presented earlier. Thus the sandy soils of the Atlantic Coastal 
Plain have capacities on the order of 2-20 meq per 100 gm, depending largely 
on orgenic matter contente Those of the red clays of the Southeastern 
Piedmont are betireen about )} and 10. The Chernozem and similar soils, 
because of the prevalence of montmorillonite-like clays, often possess exchange 
capacities as high as 60 meq per 100 gme 

The exchangeable cations are those balacning the nerative charges on 
soil particlese To a first approximation, exchangeable metal cations can be 
regarded as neutralizing isomorphous substitution charges and those weakly 
acidic groups which are ionized under the prevailing conditionse Calciun, 

Mg, K, Na and Al are the most abundant, the last occurring only in acid soilse 

The literature of soils is replete with confusing (and confused) state- 
ments about exchangeable hydrogen in soilse In reality there is no such 
things While it is possible and even probable that H which is covalently 
bonded to weak acid spots on clay minerals, and it is certain that H on 
carboxyl and other groups on organic matter, can ionize and create exchange 
spots at high pH, in acid mineral soils it is hydrolyzable trivalent Al, not 
H, which is the exchangeable ion responsible for the observed acidity. 

Less weathered soils (because of age, low rainfall, temperate or cold 
climate) have as exchangeable cations largely calcium and magnesiume Highly 
weathered soils, except when derived from basic parent material, have large 
proportions of their permanent latticecharges (20 to 95 per cent under 
native conditions) countered by exchangeable aluminum. Some soils of dry 


areas contain large amounts of exchangeable sodiume 
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The 





common exchanreable cations differ in their affinity for ion exchan 


spots on soil clays and organic colloidse circ 
= = 
For permanent charges: Al > Ca > Mp > K> Na >H 
For weak-acid charges of clays: H> Ca > Me > K > Na | with 
For carboxyl groups of organic matter: H >> Ca > Me >> K > Na Phos 
While ion exchanze shovld refer only to the association of ions with to 
solid surfaces in such a way that they can be replaced stoichiometrically by | pal: 
other ions of the same sipn of charge, "anion exchange" in soils has a or | 
different connotatione In fact, it means cifferent things to different peopled rea 
Anion exchanre does occur in many soils, but often is confounded with other exc 


reactions which also result in the lowering of solution concentrations of 
anionse 

Clay and oxide minerals in soils can take up anions from solution end 
perhaps can cevelop positive charges on certain exposed surfacese This might | ch: 


be through proton acceptance, hydroxyl ionization, or perhaps other effectse 


wn 
The apparent positive charges of soil particles increase as the pH is lowered} la 
and in the case of some latosols, high in iron oxide, may exceed negative 
charre at pH's below about }. All clay minerals, however, as well as ic 
temperate region soils, possess net negative cherges at all pH'se e) 
Halide, nitrate and sulfate ions, as well as phosnhete, fluoride and 
carboxylic acid anions, ere sorbed by at least some soils, and appear to be n 
mutually replaceablee Capacity for this kind of anion sorption varies from t 
near zero at neutrality for all minerals to as much as 1 meq per 100 gm for h 


kaolins, 20 meq per 100 gem for kaolin-iron and aluminum oxide combinations in 


latosolse Montmorillonoids and other clays with large lattice charges do not 


sorb small anions via this mechanism unless salt contents are very highe 
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Halides and similar anions are negatively adsorbed by such clays under most 
circumstancese 

Certain anions, such as phosphate and fluoride, coordinate strongly 
with ferric iron and aluminum and are sorbed by soils through enother mechanisme 
Phosphate ions, for example, can react with clay and oxide minerals in soils 
to form basic iron and aluminum phosphates similar to strengite, variscite and 
palmeritee Phosphate is displaced from such minerals by hydroxyl, fluoride 
or other ions which coordinate strongly with ferric iron and aluminum Such 
reactions are viewed as involving solution-precipitation rather than anion 
exchangee 

Soils with pH's smaller than 7 are termed acide Acid pH's usually are 
due to the presence of exchanveable hvcroven arc aluminum ions, the former 
bonding to weakly ecicic eychanre spots, the latter to permanent lattice 
chargese Clavs «ith electrostatically bonced exchenreable hydrogen are 
unstable, and decompose to yield silicic acie and sufficient Al, Me or other 
lattice ions to counter the exchange spots occupied initially by H-ionse 

The pH's of acidc soils vary between 3 and 7, reaction depending on the 
ion saturation and the soluble electrolyte content. In the absence of 
excessive amounts of soluble salts or acids, pH's less than ) are raree 

Montmorillonoids, vermiculites and illites are similar in their 
neutralization behaviore Permanent lattice charre accounts for the bulk of 
their exchanre capacity and Al for their ecicitye Buffer curves for kaolins 
have two sections, one indicating displacement of exchangeable Al by Ca, the 
other reflecting the development of weak-acid chargee Below pH 7, organic 
colloids behave as weak acids with pKa's of around 5 In the absence of 


organic colloids and with Ca and Np as exchangeable ions, pH 6 corresnonds 


closely to 100 per cent base saturation of permanent charpee 
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Soils containing accumulations of calcium (and magnesium) carbonate are 
referred to as calcareouse Carbonates may occvr throughout the profile or 
may be concentrated in certain lavers, their distritmtions reflecting the 
nature of the parent material and the weathering regimee Percentages of 
carbonates vary from zero to 706 


Caleareous soils ere satvrated largely with calcium and magnesiume In 





contrast, with acid soils, pH and concentrations of ions in the soil solution 
are controlled not by ion exchange equilibria, but by the calcium carbonate- 


CO, =H,0 systeme 


Equilibria in this system can be cescribed by: 


pH = 1/2 pCa = };e85 - 1/2 log Peo, 


Peo, is the partial pressure of carbon dioyide in the atmosphere in contact 


trith a Cac0,-water system, pCa is the negative logarithm of the molar 


~~ 


activity of calcium in the soil solution. 

Since the 00, content of the soil air contents vary from 0.003 per cent, 
the content in the atmosphere, to nearly 20 per cent, calcium solubility and 
the reaction of calcareous soils can vary tridelye 

Soils of dry areas often contain sufficiently large amounts of soluble 
salts, exchangeable sodium, or both, to have peculiar chemical and physical 
propertiese Such soils are referred to as saltede 

The Ue S- Salinity Laboratory classification of salted soils is based 
on the electrical concvetivity of a saturation extract rather than on salt 
percentare per see Soils yielding saturation extracts with specific 
conductivities greater than ) millimhos are salinee The concentration of a 
solution of this conductivity varies with the nature of the salt, averaging 


LS meq per liter for the electrolytes commonly found in salted soilse The 
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lower limiting salt percentares of saline soils vary from around 0.1 for 
coarse-textured soils to 0.25 for heavier onese 

The second classification criterion for salted soils is their percentage 
sodium saturatione If this is above 15, the soil is alkalie 

The salts in salted soils largely are chlorides and sulfates of calciun, 
magnesium and sociume The proportions of the cations in solution are 
controlled by ion exchange equilibriae 

Saline-alkali soils are changed into alkali soils when salts are leached 
aways Similarly, normal or saline soils can be converted to alkali soils 
through the use of irrigetion vater containing large amounts of sodiume 

Most of the preceding has cealt with soil properties relating specifically 
to their character as ion exchanrerse Brief additional mention should be 
made, however, of their water transmission propertiese In this, we are 
concernec especially with rates of water flow which may be encountered, so 
that we can reach some conclusions rerardine the approach to equilibrium of 
reactions involving solutes and soil particlese 

Soils are porous media, but differ in total porosity and particularly 
in pore size distribution, depending on the sizes of primary particles and 
the ways in which they are arranzede Vertical inhomogeneity is the rulee 
The flow of fluids through soils follows Darcy's Law, which says that flow 
rate per unit area is nroportional directly to the hydraulic head and 
inversely to the distance traversede The "hydravlic conductivity" is the 
proportionality constant in Darcy's enuation, and is the flow rate for unit 
1 : : ’ . 3/ 
enrth and cross-sectional erea for unit heade Mason, et al. have 


summarized the hydraulic conductivities of soils from all over the United 


States, determinations from around 10,000 samples being considerede Averages 
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2099e Smaller hydraulic concuctivities generally are found for subsoilse 
Values range from 0.12 to 3-63 inches per hour, with a mean of 0.91. 

Since the above flow rates are for a one-inch colwm and since flow is 
inversely proportional to column lenrth, it is quite apparent that water 
movement through soils is a slow process, and that non-equilibrium effects 
during many leaching processes may not complicate matters in too serious a 


fashions 


II The Binding of Radioactive Nuclides in Soils 
The sreat variety of relatively long-lived radioactive nuclides in 


the fission wastes is, unfortunstely, such that ve can expect no sirnificant 


for surface layers range from 0e13 to 9-27 inches per hour, with a mean of 


— 


simplification of our problem throurh a limitation in the number of chemical | 


elements to be considerede Even if this were not so, the commosition of soil 
waters is sufficiently varied and so great a variety of inactive salts may 
be expected to accompany the racioactive elements, that these may at some tim 
be found in competition for the soil minerals in nearly every conceivable 
inorganic chemical environmente We thus may as well attack the problem of 
adsorption on soils with little or no regard for the practical ends of the 
worke Indeed, in such complex survey work it is probable that useful results 
will be more quickly found through systematic basic research than through 
attempts to solve specific problems before these actually arises 

It is, however, easily -ossible to summarize the types of sorption 
chemistry we may expect to encounter in terms of important long-lived 
nuclidese We will incluce nearly the whole field of relevant sorption 


phenomena in considering the behavior of the five clements Cs, Sr, Ce, Ruy Pu 
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In its sorptive behavior cesium differs but little from potassium and 
somewhat more from sodium, elements with which it will certainly be found in 
many practical problems. In these cases we have to deal with singly-charged 
jons which do not exhibit any very complicated behavior in solution and which 
quite certainly bind to mineral surfaces simply because of the presence in or 
near these surfaces of negatively charged sites or perhaps of negative ions 
loosely bound through other forcese To the list of singly charred cations 
we mst, of course, add the hydrogen ione Its special properties may be of 
primary importance when dealinc with soils containing consicerable organic 
matter and, consequently, insoluble weak acidse 

Much the same sort of remark applies to strontium, which will always be 
associated with calcium and frequently with magnesium in the soilse The 
behavior of the dipositive ions is apparently influenced by strong inter- 
actions with watere ‘ith the more weakly basic ions, particularly magnesium, 
the effects of hydrolysis may becomé of importences again we must take the 
hydrogen ion into accounte 

Very complicated sorptive behavior is found with the trivalent elementse 
Even if it were possible to disregard the tripositive ions resultine directly 
from fission - they are relatively short-lived - we certainly cannot 
disregard the interactions of aluminum with the soilse Alumimm is frequently 
present in fission wastes, end in any case it must always be considered 
whenever soil minerals are exposed to acid solutions hen aluminum appears in 
solution as a result of mineral decorpositione As we shall see, the presence 
of aluminum has a very marked effect upon the behavior of other elements in 
contact with the soils. 


The element ruthenium might well serve in one or another form as an 


example of every type of sorptive behaviore The solution chemistry of this 
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element is so extraordinarily complex that it appeers to be impossible to 
give any useful account of its sorptive interactionse Fortunately, the radio. 
active nuclices are of relatively short lifee We shall here attempt no 
further ciscussion of rutheniume 

It is not now possible for us» to give a useful account of the sorntive 
behavior of plutonium, or, indeed, of the other chemically similar heavy 
elements. We, therefore, limit our consideration almost entirely to effects 
to be expected with chemically stable sinrly-, doubly-, and triply-charged 
ions as exemplified by cesium, strontium, and the rare earthse 

Before turning to detailed results we attempt a classification of the 
types of sorption to be expected with the various minerals in the soilse It 
appears reasonable to suppose thet we can consider the sorptive agents to be 
of two main typese These "pure" types, and cases corresponding to "mixtures" 
of them in various proportions, will serve to describe qualitatively the 
considerable variety of behavior that is observede Perhaps the simplest type 
of sorptive action is that dve to ion exchange on fixed charge sites, either 
positive or nepativee The primarily sorbed ions neutralizing these charge 
sites will generally be nearly in equilibrium with the ions of the surrounding 
solution. The oualifyinrg adjective "nearly" is necessary in the event the 
surrounding solution is in motion with respect to the solid materiale As 
we have seen, in very many practical cases the motion of soil water is so 
slow that it will be quite unnecessary to consicer rate effectse In the 
laboratory, however, many of these sorntive phenomena are most readily 
investigated in flowing systems, with the use of a chromatorsraphic "column's 


In such experiments non-equilibrium effects are very apparent, and these rate» 


dependent effects must be considered in order eventually to arrive at data 
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referring to equilibrium state. We will return to this point. For the 
moment we assume that we can obtain true equilibrium data and so can recognize 
cases of simmle ion exchange. The behavior of several of the simpler clay 
minerals seems to be describable in these termse Thus, with the montmorillonite 
clays certainly the most important effects are due to the exchange sorption 
of cations, althoush undoubtedly these minerals contain also a smell pro- 
portion of positive sites and so interact directly with the anions of the 
solutionse The cation exchange properties of the clays have been much more 
thoroughly studied than their anion exchanre cheracteristicse Perhaps only 
with the kaolins are the two effects of about equal importance. Anion 
exchanve on the clays is cifficult to stucy because of the small effects and 
because it can easily become confused with the second principal type of 
sorption, which we now considere 

The hydrous metal sesquioxides are important constituents of the soils 
and are often intimately associated with the clayse When these substances are 
present in appreciable ouantity, as is true with the widely-distributed 
red clays of the East and Southeast, we have to deal with an essentially 
different sorptive effect: The sorbent may become invaded by a neutral 
salt, or better said, it is invaded by a neutral combination of anions and 
cations in proportions which cepend on the difference between the environment 
within the oxice gel and in the surrounding solutione This effect is exactly 
similar to the so-called "Donnan invasion" of the particles of a resinous 
ion-exchangere The effect has been extensively stvdied with the resinous 
a e With the soil minerals, althourh the effect has long been 


khown, the systems are much more difficult to define, and easily inter- 


pretable data on simple systems are hard to finde 
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T is evident thet many possibilities can arise, depending on the 
proportions in which these types of sorption are mixed in various caseSe 


Tle nroceed to vive selected examples es illustrationse 
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bede Though little or no theoretical understandinr can be gained 
rom examining the results of such experiments, it is consicerec of some 


n 


effects of the sorntion »rocessese 


value to incicate the rross 


Strontiun in trec 


e concentr-tior is sorbed in most soils largely, if 


entirely, as an exchanreable ion, thourh the nossihility of complexing 


eactions ‘rith orpanic matter functional rroups and verhans other modes of 
binding cenrot be ruled ovte Of covrse, in soils containing free ccrbonetes, 
sornvion on these, with subseovent solid-phase ciffusion into crvstels may 
occur Cesium and trivalent 


rare earth ions certainly sre sorbed by ion 


riuh Cs, we are faced with the ‘motty problem of unravelinre the matter of 


9S may enter mica-like structures as co K and MH 


. As 
s+ work, ions of the proper size to fit into depressions 


in the oxypen framework of certain layer silicates can, though bound by the 


ectrostatic forces operative in exchanre sorption, be exchangeable 
with cifficulty, or sometimes not at alle 


6/ 


McHenry— studied the sorption of Sr-90 by soils from the Hanford 
vicinity and from other parts of the Northvestern United States. SrCl,, 
See : ; ; -2 -7,. : : 
solutions varying in concentration from 10 - 10 M were added to soil 

; -l; 3 
samples in amounts to supply Sr from 10 to 10 times the exchange capacity 


Sr/rm soil i 
Sr/ml solution — 


‘minede As would be expected, Xd varied from large valves (70-l,00) in 


of the soil and distribution coefficients (Kd = 


In most instcnces, when trace amounts of cationic redionuclides of the 


rticularly concernec with are adcced to soils, major fractions 


other bindinz mechanisms may be operstive as "elle Particulz 
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dilute ( 107") SrCl, solutions to less than 1 when amounts of Sr larger 
than exchange capacity were addede The author makes the point thet in the 


dilvte revion, with Sr added <0.1% of exchanre capacity, Kd is a constant 


ne] 


or ¢ narticul-r soil. Mo relation was found betreen Kd and exchanre capacity, 


thouch the tro largest were found for hirh capacity soilse 


When Srcl,, concentration was 3x107 "1, the adcition of i", to the soil- 


Sr mixture in amounts up to 10 times that of Sr did not affect Kd eprreciablye 


At the same Sr concentration, Cs, Ba and La chlorices (10 x Sr concentration) 


3 


reduced Kd ahout 15 per cent. Socium salts of nitrate, chloride, oxalate, 


sulfate and phosnhate had little effect on Kd at low (3x07) SrCl, 


concentrationse ‘When Srcl, was 3xl0 “ly, oxalate enc orthcphosphate increased 


Kd tremencously, presumebly throuch precipitatione 
Addition of HCl to the soil-SrCl, mixtures to adjust pH dowmward, 


drastically reduced the cistribution coefficient (and the amount of Sr 


sorbed by the soil), rerardless of the Srl, concentratione In part this 


must be cue to the tremendous increases in electrolyte concentration 
accompanying the acidification of a calcareous soile Other factors undoubtedly 
incluce the cestruction of pH-sensitive exchanve sites anc the introduction 
of exchanzeable Al upon acidificatione 

McHenry also studied the desorption of Sr-90 ¢.1% of canecity) from soils 


3 


on leachinr with water or with electrolyte solvtionse Water and 10 -N Nano, 


removed the same amounts of Sr, 10 ml per pm of soil being reauired to elyte 
hal } . -3,. /1% + Cc =Jre 
one halfe About 1/); as much 10 -?I’ Ca( 03), and less than 1/15 as much 10 7! 
3 = 
sary -2 ; als ‘ 
la(NO,), or 10 “N HCl were needed to do the same jobe Sodium salts of 
carbonate and orthophosphate were much less effective in replacing soil- 


adsorbed Sr than were Cl, MO. or SO, Saltse 


i 


3 
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Rhodes/ also examined the uptake of a number of radioactive materials 
(trace levels) by Hanford site soil as affected by pH and by NaCl concentra- 
tione Ka was found to be independent of soil-solution ratio and of quantity 
of added nuclice, ard was used as a sorption indexe 

Kd for Ca (from water) was >200 at pH 3¢7 to 10e1. From lM NaCl, Kd 
was 18 over the sare ranre of reactione Kd for Sr varied linearly from ~} 
at pH 5 to 120 at pH 10. In 4M NaCl, Ke at pH 10 was only about 8. However, 
the addition of 107° sodium phosphate to the soil-Sr90-NaCl mixture 


increased Kd to values above those obtained for water alone at all pHse 


Distribution coefficients for other nuclides showed hivhly individualisti 


behavior characteristic of their horribly complex solution chemistry. Kd 
for Pu-239 was very large between pH 2-2 and pH 8eli, falling off on either 
side of this rangee Ru-106, Y+91, Zr-95, Nb-95 and Ce-1\l were taken up 
strongly at pH's between about 6 and 8 Uptake was smaller between pH 8 and 
ll,increasing again at very alkaline reactione 

Nishita, et a’/ studied the uptake of Sr-90, Y-91, Ru-106, Cs-137 an 
Ce-1)); by 2 number of soils and by kaolinite and montmorillonite, "fraction- 
ating" the nuclides added to a riven soil into "water soluble" (that removed 
on washing 1 gm with 50 ml H,0)s "exchanreable" (that removed by leaching 
a water-washed sample vith nevtral 1N NH) OAc ) and fixed (that not removed 
as above). Recovery in the several forms was more or less independent of 
dose (in the trace region). [xcept for a muck (organic) soil, at least 
80 per cent of the Sr-90 was either soluble or exchanreable. With Cs-137, 
on the other hand, from 0-60 per cent of dose was not recovered by NH, Ose 
leachinge Similarly, except for the muck soil, 50-95 per cont of added Y-91, 


Ce-1h, and Ru-106 (added as chlorices in HCl) were "fixed". How much of 


the apparent fixation was due to the participation of the ions in reactions 
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other than ion exchange and how much to possible large exchange affinity 
at trace concentrations is not known. 

Shulz, et a2/ have taken a careful look at the condition (exchanrerble 
or fixed) of trace levels of Sr-85 in twenty-six California soils verving in 
capacity from 3-5 to 26, in pH from 5e6 to 83 anc in free CaCO, from 0 to 


3 


13 per cente Soils were mixed with carrier-free Sr-85C1,» dried at either 50 
or 110°¢ for one week to enhance "fixation", and extracted (either batch or 


leaching) with 1N NH) OAc or 1N CaCl,e Though removal of Sr-85 was incomplete 


2 
(1-7 per cent of dose remaining after most efficient extraction), the slope 
of the removal curves cid not reach zero, onc the authors feel there is no 
evidence for the existence of Sr in other than exchanreable form in any of 
the soils examinece Of interest is their treatrernt of serial batch extractions 
of Sr-35 with 1N MH, Ohcs Using a mole fraction exchanre equation, they 
computed the expected removal of Sr for each batch extraction, anc compered 
this with observationse General agreerent indicates avain that ion exchanre 
equilibria alone were involved and thet resvlts for 2 number of civerse soils 
can be generalized in terms of thise 

A translation of some of the early Russian work on the bchavior of 
fission products in soirste/ shows that the Yvssians have done many of the 
sane kines of things done in this country and thet they reached much the 
same conclusions. From batch experiments with nodzol, black earth and 
red earth soils, trace quantities of Sr-8° vere stronrly sorbed, but could 
be displaced completely by 1N CaCl. One N Nalt0,, also cisnl-ced Sr completely 
from the red earth, but was not so effective trith the other soilse 

Cs-137 (trace amovnts) was sorbed more completely than was Sr-89. One N 


CaCl, affected some cisplecerent of Cs, amouvrting to abovt 10 per cent in 


the podzol and the black earth, 35 per cent in the red carthe One N Nano, 
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displaced Cs somevhat more effectively than cid Cae One N KCl was a far more 
potent evchanrer of Cs from the podzol and black earth, removing 59 and 7h 
per cent, respectively. The amount exchanred from the red soil was no 
different from that removec by Ca or Nae 

Trace amounts of Zr-95 - Nb-95 were sorbed almost completely by the 
podzol and black earth soils, less by red soile One N CaCl. affected 


2 


virtually no displacemente 

The Health Physics Group at onmebl/>22/, faced with practical problems 
relzting to waste nit disposal, have stucied the holdup of activities 
present in waste pit licuics when these ere passed throurh columns of 
Conasauga shalee The waste solutions contain 600 meq Na and 30 mea NO 
per liter, with lower concentrations of other assorted ionse The pH is 
around 10. The cesium-137 activity is 0-66 meq per “o? corresponding to a 
concentration of 225x107 Me Also present ere much smaller amounts of Ru, Co, 
Sb, Sr, rare earths, Zr and Nbe 

Conasavrea shale has an erchanre canecity of 22¢3 mea per 100 pme The 
breakthrourh capacity for Cs-137 in the waste mirture is 0-35 millicurie 
per em, correspondinr to- 0.01 meq of Cs held un per 100 em of shalee With 
Cs-137 in water (2.hx107"1"), Cs capecity wes founc in one exnerirent to be 
0.02 meq per 100 gm of shale, or less than Ocl per cent the exchanre capacity 
This is a most astonishing firdinge 

About half of the Cs sorbed from trace concentr-tions by shale appears 
to be bound irreversibly, and cannot be displaced by concentrated salt or 


mineral acid solutions. 


As vith other soils, the holdup of Cs and Sr is less from strongly acid 


than from slightly acid or neutral solutionse This is much more pronounced 
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for Sre A Conasauga shale column vhich held up 80 per cent of a Sr=90 dose 
at pi 5 sorbee only 22 per cent at pH 1", 8 per cent at pH 1.5- 
hen waste solution is passed throuch Conasauga shale, Sr-90 breakthrough 


has been found to precede that of Cs-137 slightly (Lacy22/) or to lag tehind 


(Blanchard, et aA). Lacy found shale columns to hole up around 15 per cent 
of the Ru in waste solutions, while Blancherd, et ale found Ru, Co and Sb not 
to be sorbec at alle Rare earths and Y were removed to the extent of about 
80 per cent initially, breaking throv~vh approximately with Cs-137- 

As with clay minerals, Cs has a hivzh affinity for soilse If one 
calculates an apparent exchange constant (nerlectine activity coefficients) 


3 


for the Cs-Na equilibrium in the shale column, :1-8xl0° is obtained. This 
is many-fold larger than constants obtained by Krishnamoorthy and conveneanlt 
for montmorillonite (Kt = 73) and Yolo clay (Kt = 28) at macro-concentrationse 
From data of Rhodes”/, for the uptake of trace levels of Cs-137 by 
Hanford site soil, Kd.(Cs/pm soil/Cs/ml solution) was about 16 in lM "aCl, 
leading to Ke ~1e3x107. While there is insuf‘icient data to substantiate 
the following, it appears either that trace concentrations of Cs may be bound 
in some non-ion-exchange fashion or that isotherms remain curved in the trace 
repione It would be most helpful in our presentation, as well as in the far 
nore important matter of adequately describing the behavior of radionuclides 
in soils, if large amounts of sood ion exchanre data, extending into the 
trace region, were available. Unfortunately, this is not so, and we are 
forced to illustrate »oints by citinre experiments which were conducted at 
macro-concentrationse 


1,/ 


Orcutt, et ale— measured Sr-Ca equilibria with 5 oil sans, a Yolo 


soil (California) and a sample of halloysitee Cation exchanve canecities 





1884 INDUSTRIAL RADIOACTIVE WASTE DISPOSAL 


varied from 062 to 25.6 meq per 100 em. Kt Sr-Ca (Kt Sr-Ca = ae 
varied from 1.1) to 1.61, with an average of 1-366 This compares with valves 
of 1-10, 1.35, 1-80 and 2.50 obtained by Krishnamoorthy end Overewy 
for montmorillonite, Yolo clay (1+25 by Orcvtt, et ale) IR-100 and Dowex-50, 
respectively and trith 1.46, 1-40 and 1-3 obtained by one of us (NTC) for 
Utah bentonite, White Store soil (montmorillonite-vermiculite) and Devicson 


soil (kaolin-verniculite-iron orice), respectively. 


Isotherms determined by eluting Sr-%9-labeled columns of Sr-"“hite Store 


and Davidson soil (NTC) with 1077 CaCl.» correctinz for non-equilibrium 


with results of isotopic exchanre runs, ere shorn in Fige le "fxtrapolation 
into trace revions is uncertain, but nothing particul-rly ocd seems to be 
going one One would be tempted to predict th-t the Ca-Sr isotherm, at least, 
is linear at low concentrations. 

The a>* ion often occvpies larre proportions of the exchange sites 
of acid soilse We are not aware of any published information on Al-Cr excham 
equilibria, but one of us (NTC) has obtained Ca-Al isotherms on montmori1llonit 
and on two soilse In one instance the measurements extend elmost into the 
trace region of Ca concentratione Though Ca rather than Sr is the exchansing 
ion, the rather consistent exchange behavior of the Sr-Ca pair cited earlier 
makes it appear that Sr ‘ould behave in the same waye 

Isotherms for montmorillonite and for tivo soils appear in Fige 2¢ 
Montmorillonite and White Store soil, which owes its cap-cityv largely to 
montmorillonite, behave much the same, with Al stronrly preferred, particular) 
so when the Ca concentration is small. Davidson, which is a recdish-brom 
lateritic soil high in iron oxide, holcs up Ca in a respectable manner when 


excess leaching solvtion is displaced with alcohole However, on leaching 
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x White Store 
© Davidson 
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FIGURE 1. The exchange-sorption of Sr by two soils from mixed Sr-Ca chloride 
solutions with total salt concentration (Co) 107 3M. a/qo is the 
proportion of the exchange capacity countered by Sr for different 
reduced concentrations (c/co) of Sr in the equilibrium solution. 
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The exchanre-sorption of Ca bv tro ‘l-soils ard by Al-montmorillonite 
from 0-05 " chloride solutions, showinc the large affinity of Al for 
1 and are for a rec soil “then washed 'rith alcohol 
respectively, and show the larre readjustment of sorption 
equilibria during the cisplacerent of "invading" electrolyte. 

2 end 3 are for a soil containing montmorillonite-like clay and for 


FIGURE 2. 


exchanre siteSe 
and water, 


montmorillonite itselfe 
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with water, Ca is removed, leaving very small residual Ca contente This must 
be due to electrolyte sorption from the lot-pH leaching solutions, and 
readjustment of exchange ecuilibria "hen solution remaining in the pores is 
washed out with watere 

The large preference of soil (or clay) for Al leads to rather abnormal 
leachine behavior for trace concentretions of Sr, and to extreme differences 
depending on whether soil is saturated initially with Al or with Cae 

When a tracer slurp of Sr-89 is bled into the top of a Ca-soil colurn 
and folloved with dilute CaCl, solution, Sr is eluted in a slightly skeved 
normal curve with the nea!: coming when an amount of CaCl, solution corres- 
ponding to 11-1. times exchanre canacity has passed throuch the columne On 
the other hance, when Sr-89 tracer is nushed domm a colum of ‘l-soil with 
CaCl.» far smaller quantities of inpvt Ca are reavired to elute to peak 
concentratione This is shown for montmorillonite and two soils (10731 CaCl,) 
in Fige 3e Amounts of CaCl. corresponding to -10 per cent of canacity vere 
sufficient to elute Sr to peak concentr-tione 

Sr-89 rides the front between #1 cisplaced from the column and the 
following CaCl, This is shorm (for Ca-l:5 tracer r-ther than Sr-89) in 
Fir. h, which presents parts of the Al elution curve end the Ca breakthrough 
curves, as well as the Ca-l5 peak. 

The odd behavior of red soils, resulting from their electrolyte-sorptive 
character, is shown in Fige 5, which shovs the relative nositions of the Sr-89 


peak and the Al elution curve for a Davicson soil columne “hen tracer Sr 


vas bled into a water-washed column and eluted with 1073" CaCl, nothing but 


water came out of the bottom until 70 ml @5ebh column volumes) of solution 


had enterede Then Al and Sr-89 broke throuch torethere 
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The elution of a narrow band of trace-concentration Sr-89C1, (solid 
line) and of Al (x's) by 1073} CaCl, from a column of David$on soil. 
The electrolyte-sorptive cheracteristics of the red soil are show 

by the Al curvee Sr-89 broke through with percolating electrolytes 
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When Sr-89 tracer is followed by CaCl, solution into soils saturated 
with various proportions of Al and Ca, the quantity of solution necessary 
to elute the Sr is rreater the larger the proportion of capacity countered 
by Cae This is shorm for Cecil soil in Fige 6- This behavior points up the 
obvious but often overlooked fact, thet part of the capacity countered by an 
ion as strongly bound as 02? just is not available for the uptake of other 


ions from a dilute percolatine solutione 


III Thermodynamic Description of "xchanve Sorption and Donnan Invasion 

It is not difficult to write dom a formal thermodynamic description 
of the sorntion nhenomena described in the precedins section, if we take 
into account only the minimal condition of electrical neutrality in sorbent 
and in solutione We see at once that this formal approach makes no interest- 
ing predictions for use In fact, the approach would be quite sterile if it 
did not serve as a means of sumnarizing ante and, more important, of indicating 
theoretical approaches which mirht make useful predictionse It is quite 
useless to write doimm the conditions for the reneral sorbent capable of 
primary sorption of anions and cations and which can also be invaded by whole 
electrolyte anc solvent water as welle The equations would be nearly as 
complicated -s the facts and there nrobably coes not exist a single experiment 
to which they could be applied. We can summ-erize ezistine information and 
illustrate the necessary inadequacy of the approach with a discussion of 
simple exchanre sorptione To fix our ideas "e corsirer first a special case 
which has received fairly comlete treatrent in the lsheteteny= « 

The structural information on the clay mineral attapulrite sugrests 


stronly that this substance mav fulfill quite well the specifications of a 


Simple ion-exchanger not subject to Donnan invasion. The accepted structure, 
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FIGURE 6. The quantity of displacing electrolyte (107) CaCl,) required to 
elute a narrow band of trace-concentration Sr89Clo from columns of 
red Cecil soil depends on the quantity of exchanreable Catig and 
is related reciprocally tc the amount of exchanveable Al, which 


counters that part of the capacity not balanced by the alkaline 
earth ionse 





s of 


INDUSTRIAL RADIOACTIVE WASTE DISPOSAL 1893 


proposed by Bradley2=/ , represents the material as consisting of an argregate 
of narrotr passages through a silicate matrix, in 9n arranrerent similar to 
that of a honeycombe The exchangeable ions ore associated 'rith the active 
sites deen within the tubules of the comb, and so, perhaps, are well removed 
from the direct influence of the surrounding solutione We now imarine a 
sample of this material with all the sites occupied by sodium immersed in a 
solution containing both cesium and sodium nitrates and the whole held at 
fixed temperature until all action ceasese Analysis will then shor’ that a 
part of the sodium on the surface has been replaced by cesiume The concition 
that equilibrium is reached can be written in the form: 

(cs) f 


CsA = K 


(Na") , [Na"), 
NaA /} WaNo 


+ - 
[Cs ] Y cso, 


(1) 
3 


In this expression the symbols in parentheses indicate the fraction of the 
sites occupied by the designated ion; the bracketed symbols represent con- 
centrations in solutione K is a true constant, cepending only on the 
temperaturee The “'s are the usual activity coefficients for the solution 
phase and the f's those for the solid phasee There is a certain arbitrariness 
allorable in the definition of the activity coefficientse Even when ve 

accept the usual conventions for the 4's, those fenerally employed for 
solutions of electrolytes, we still have a certain frecdom of choice in 
definine the f'se The choice will be dictated largely by the end in vietre 

Thus we may choose a single. standard state for each of the ions separately, 

in which case the value of K becomes identically unity and ve obtain one set 
of f's which represent the catae Or ve may wish, as ve co nov, to emnhasize 


the depencence of f on the composition of the sorbent and choose pure socium 


attapulsite and pure cesium attapulrite as reference statese For this choice 
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the details of the procedure for computing K and the f's have been riven by 
Gaines and Thomas_//, 

In Fige 7 are riven results of measurements on the Cs-Na-attapulrite 
aoe”. Here we plot valves of 1nK computed with complete neplect of 
the activity coefficientse It is evicent that the simplified formula is 
entirely inadequate; we must allow a ten-fold variation in K to fit the facts, 
There is, of course, nothing surprising in thise The interactions of the ions 
with the clay surface must be quite stronr and, furthermore, the ions on the 
surface sre quite close torether and undoubtedly interact ith each other; 
we certainly expect to find non-ideal behavior on the surfacee 

A representation, in terms of the activity coefficients, of this non- 
ideal behavior for several clay-solution systems is riven in Figse 8, 9, 10. 
Our understanding of these systems reduces to our ability to produce a 
theoretical calculation of the behavior of the excess free energies, that is, 
the values of RTinf. Little or no progress appears to have been made in this 
directione While it is certainly trve that the data are of insufficient 
accuracy to warrant any cetailed discussion, the appearance of the curves 
for the activity coefficients sucvests that re attempt to represent them 


accordins to the Marrules expansions: 


2 3 
nf = al al 
RT Inf, a, (1 y) + a, (1 wi + ee 


(2) 
ce 3 
RT inf, (a, ga )y a, Y + eee 


in which we write y for (Cs) in the cases civene ‘“'e hasten to remark that 
this approach is entirely empirical, end quite devoid, so far es ve are 
aware, of any theoretical justificatione Thus for the exchanges between 


univalernt ions we have (talking a> = o), for cxample: 
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E (1-y)* a 
RT [Na] (Cs) [Na] - (1-2y) 


(Cs)e » 
—_ ae 


(3) 
~ 


(Na )e RT 7 [Cs] 


This survests a linear depencence of ink, on composition, as is indeed found 
for this casee Nothinr is further from the truth for the mixed valence typese 

It would be hivhly desirable to est-hlish some valic theoretical treat- 
mnt of these activity coefficientse The limitinr valve of Kg for y = 0 
(in the above case: xi WR) gives the depencence of the cesium content of 
the sorber on the cesium concentration in the solution at trece levels: 
Link . = (Cs)/[Cs]. It is just this limitince cependence which determines the 
motion of traces of radioactive nuclices throush beds of simple soils under 
the influence of moving pfround watere 

The thermodynamic cescription of the cnse in which the sorbent is 
devoid of charge sites and consists only of a "sponge" of hvcrous oxide 
involves nothine different from the distribvtion of an electrolyte between 
two solventse We may expect, for example, that the interactions of the 
cations tith the oxide metrix rill be stronrer than their interactions with 
watere There will then be a positive sorption of electrolyte, anions 
accompanying the cations to maintain electrical neutrality. It would not be 
generally exnected that the proportion of cations in the sponge would be the 
same as that in solution; preferential sorption is the rule not the exceptione 

The thermodynamic description of this tyne of sorption can be made 
formally identical with that for exchanve sorption discvssed abovee As is 
vell kmown from much work trith the resinovs ion exchanrers, the sorption of 
water may be of more imortence in this case; in any complete treatment the 


vater must be explicitly recognized as a compone>te Since we now do not 
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have a cefinite number of exchange sites, the activities of the sorbed species 
are best measured as molalities, m, referred to the amount of sorbed water. 
In the treatment of this case a sinrle set of reference states is usually 


chosen so that the equilibrium conditions are of the form (for ions of 


charges / and at) 


eh 
™n(s)"x(s) P 


4) + 
v 


‘ =Mae)"x(e) Y + (e) t) 






The subscripts (s) and (1) referring: to the sorbed and liquid phases, 






respectivelye It micht at once be rererked that this formalism would serve 








equally well for the mired cases, invasion nlus exchancve on fixed sitese 


Generally, however, with soils ard soil minerals the direct ceterminction of 





the water content is either extremely cifficult or auite imnossible and 









the thermodynemic formelism based on exchance sites is more usefule The 





difficulty is not avoided but is, rather, serregated in the eaquationse It 














has been possible in crses where little or no electrolyte invasion was 


ae : 1 
present to show thet veriations in weter content ere witout . 





IV Motion of Sorbed Materials in Soils 












The heterogeneous cheracter of the crvst of the earth, hoth on lorge 





and small scale, needs no further commente Any remzrks we make here on the 





motion of sorbed fission frarments in the soil must be taken as nresuprosing 





the best nossible mapping of the relevant subterranean motion of watere We 
shall make no attempt to enlarge upon the cifficulties of this undertaking 
except to remark that such a mapping adequate for ovr purposes is prcbably 


possible only throurh the use of the most advanced tracer techniques, 






utilizing helium enc tritium ¢s tracers for soil watere We shall assume in 





the following brief summary a rreat deal of ‘nowledre: namely, that we 






lea 
sol 
evn 
pre 


cor 


ea: 
of 


fe 


SO 


th 


re 


Cies 


1e 
ing 


le 


INDUSTRIAL RADIOACTIVE WASTE DISPOSAL 1901 
know the direction and averare rate of flow of soil water in any locality of 
interest to use In fact, we really must assvre more than thise When a rreat 
bulk of solution is introduced into the soil, the local flow characteristics 
of ground water are chanred and we must suppose that we have some means of 
learnine "hat changes take placee ‘orse still, the introduction of chemical 
solutions in the earth trill senerally chenve the »orosity and other hydro- 
cdmomically important properties of the soile In reality, then, ve are 
presupposing the continual application of tracer techniques to keep us 
comletely up-to-date in ovr knowled-e of the flow of ground watere Such 
a project is not at all beyond the realm of nossibility on a limited scalee 
We Je Kaufman and his contiedl have successfully demonstrated the 
feasibility of several reliable tracers for “round water in actual field 
testse Assuming that ve have this detailed information, then, we can 
proceed to illustrate how it may be used in conjunction with the equilibrium 
data for sorptione 

In the problem of tracing the fate of long-lived fission wastes in the 
earth, we shall generally be dealing with rates of flow so low that effects 
of diffusion may well become of importancee To illustrate the essential 
features of the problem we write out the cifferential eouation which expresses 
the conservation of metter when a zone of material of concentration cy, 


sorbed to the extent q is moving downstream both by convection and diffusion: 


“” a 
Was ian = (5) 


x 


lo 


ct 
lo 


The applicable coefficient of diffusion, swpnosed constant, is D; sorething of 
the character of the soil is expressed by the porosity {3 and R is the linear 


rate of convective flow of the fluide Much remains to be done in specifying 


what is meant by the "applicoble" coefficient of diffusions This quantity 
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depends in a complicated manner on the characteristics of the pcrous mediun 
throurh which the liquid is flowinge Generally, values of D which are 
required to describe approximately the dispersion of solute during its 


prorress throurh porous materials are much larger than molecular diffusion 


coefficients. 


It is to Scheideprert2/» 20/s22/ that we owe the most ambitious attempts 


at a theoretical treatment of the dispersion effect as it applies to non- 
interacting solute. Working equations, obtained from a solution of the 
differential equation (5) with appropriate boundary conditions, are: 

For a slug of non-interacting solute being displaced in one dimension 


by flowing solvent 


fog = XO OP, Rt)? ype; (6) 


{ LaDt ‘ 
xo is the initial thiclmess of the slurs, x is the distance down the colum 
under consideration, t is time and R is the linear velocity of the liquide 
Scheidegger calls D the "factor of dispersion". Apparently it is a number 
which describes more or less anproximately the fact that all of the liquid 
flowing throurh a porous medium does not move with the same velocity or 
traverse the same distance as it threads its way dormward through tortuous 
channels interspersing the solid framevorke 

For the feed of solution of uniform concentration into a column whose 
pores are occupied initially by water, the shape of the boundary is given by: 


°/eo ~ 1/2 - 1/2 erf eR (7) 


{4pt 
where the symbols have the same meaning as beforee 
Equation 6 says that the concentration profile for an initially narrow 


Slug of solute will take the shape of a normal error curve as the material 
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is swept down a column. The area under the curve is always the same because 
the amount of solute remains the samee The height diminishes and the curve 
broadens as the slug is swept downwarde The larger D, the factor of 
dispersion, the rreater will be the broadening of the sluge Similarly, 
equation 7 tells us that the leacing edge of percolatinep solution will attain 
a concentration profile which is sigmoid in shape and which becomes more and 
more Slanting as time goes one At a particuler depth, the diffuseness of 

the front depends on D, being greater for larger values. Several recent 
studies have been made of the dispersion effecte Much significant work has 
come from the group in the Sanitary Fngineering Department at Berkeley.e In 
the doctoral dissertation of Me Ne E- ritei22/ are presented detailed studies 


of the effect of flow rate on the dispersion coefficient D for different 


types of porous bedse In this work, however, clean sands with nearly zero 


exchange capacity were used, corresponding to dq/dt = o in equation 5. 


Other pertinent experiments performed bv the Berkeley group have been 
reported by Orcutt, et ai .24/ and by Kaufman and oriupt?/ ° 

We are concerned mainly with two features of the dispersion process as 
it applies to non-interacting solutese One has to do with the abilities of 
equations similar to 6 and 7 to describe column operation. Apparently this 
requires only the choice of an appropriate value for De The second is more 
difficult, since it deals with inquiries into what such an appropriate value 
Should bee Patently, it is impossible to treat this matter satisfactorily 
at presente All we can do is point out some of the characteristics of the 
factor of dispersion as gleaned from the experimental results of otherse 

D varies with the nature of the porous material through which flow occurs 
and with the flow ratee It always is found to be much larger than molecular 


diffusion coefficients, as evicenced by the fact that dispersion invariably 
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is greater than can be accounted for by ordinary diffusione For example, 
Day23/ found values of D ranging from 107° to 8x107> for sand, soil and 


cation exchanre resin columns. 


Another characteristic of D is that it appears to change linearly with 


rate of flows Orcutt, et a Al found the shape of the breakthrough curve 


(Cl through sand) to be independent of flow rate "hen the latter varied 
between sx107 and 1 cm seo. DayZl/ found that a quantity , called by 
him the "index of dispersion" and given by: ‘ 5 2D iy, was a column 
characteristic, imependent of flow rate, which could be inserted into 
equations 6 or 7 to describe boundary shapes during leeching. 

Gardner and Brooks¢2/ ran water throurvh homogeneously saline soil and 
sand columns and analyzed effluent concentrationse Boundaries between salty 
and salt-free water in eluates were diffuse, more so the longer the columns. 
Spreading of the boundaries was accounted for as a hycrodynamic dispersion 
effect in a way analogous to the treatment of non-equilibrium ion exchange 
chromatopraphye Salt was rerarded as being in two categories, "mobile" and 
"immobile". The former was regarded as being in main channels through which 
water flowed downward, the latter in lateral channels or clogged porese 
Following Thomas! and Vermeulen and Hie stera!/ they wrote down conservation 
equations and indicated graphical methods for their solution, after the 
insertion of two column characteristics, the ratio of "immobile" to "mobile" 
salt (B) and the mobilization rate constant, (a). 


The equation describing desalinization is: 
“/eo = (1 - J (s,t)), 
where s and t are dimensionless parameters: 


s = afz 


t = a(V-fz)/B 
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fz is the nore volume and V is the quantity of water which has entered the 
surface of the soile Graphs of J(s,t) vs t/s are pivene The column constants, 
a and B, are empirical, being chosen to give the best fit to datae Fora 
collection of 18 soil or sand columns, B was between 0-06); and 0.36, while 
a varied fron 0019 to 3027 cm. 

Very little work has been done in cases for relatively rapid flow in 
which sorntion is an important factor. In any such stucy another serious 
complication will arise: For high flow rates we cannot suppose that the 
sorption processes go to equilibrium and ve are forced to introduce a rate 
function for da/dte The resultinr problem becomes most formidable, and it 
appears Coubtful if detailed studies of this type will vrove to be of much 


practical importancee Such studies, hovever, are necessary as aics in the 


interpretation of laboratory work desiened to produce information on the 


equilibria involving the fission productse 


The seneral character of the dispersion which occurs in ion-exchanre 
systems can be illustrated by Fig. 11, which shows the breakthrough of 
Sr-89-labeled SrCl,, for trro columns of Sr-saturated soil. For isotopic 
exchange without dispersion or other non-equilibrium effects, vertical rather 
than slantinz curves should be obtainede In actuality, Sr-89 began to leak 
long before a volume of solution correspondinz to column capacity had passed 
throurhe Further examples of the dispersion of sorbed ions may be found in 
Fige 3, h and 5, presented earlier. 

In the study of the motion of sorbed material in the soil, two essentially 
equivalent approaches are open to uSe We start by suprosing that the basic 
information on the equilibria is availablee Since we will generally be 
dealinre with trace ouantities in the chemical sense, this information will 


consist of a collection of sorption isotherms in the trace regione Presently 
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Dreaktnrounn cirves incicave wie hina OL CLlSDpersion CLs vos whlsaci 
occur in the course of ion exchanre in flowing systemse 
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available information on this subject is meagree In particular, it is not 
clear that we may generally expect simmle proportionalities between concentra- 
tions of sorbed species and the concentrations in solutione If these iso- 
therms are significantly curved in the trace resions, a variety of effects 
may appear, and it ‘rill be extremely difficult to differentiate between these 
and the effects of cispersion and of slow rate of diffusion in the sorbentse 
fhe first apnroach would be to "adjust" the differential equation above to 
fit the facts as nearly as they are understood and, probably relying on 
nachine computation, use the resulting equation in making the reouired 
predictionse As a highly over-simlified example (which would not require 
acomputer for its solvtion), suppose that the rate of flow of soil water is 
so low as to be negligible, and that q = ke is the required sorption isothern, 


then 


(10) 


and we have only a simple diffusion nroblem to contend withe In this case, 
however, we reouire a ‘monledre of the diffusion coefficient in the soil in 
questione The cetails of making this measurement have been worked out, 
It is by no means obvious that the required valve of D is that coefficient 
pertaining to the solution in question and that the only modification is the 
decrease brought about by the blockinr effect, through, and the partial 
imobilization, through ke This problem needs further attention; part of the 
diffusion might well be from site to site in the soil, an effect not 
explicitly cared for in the above equatione 

Another, and more important, limiting case is represented by the 
situation when R is sufficiently large so that the term in D is negligible and 


ve may still assume equilibrium sorptione We then have 
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R E77 (X+k) (11) 


the well-known equation for equilibrium chromatographye Application of this 
equation will give perheps all the required information in many casese In 
particuler, hovever, it cannot give any details as to the shapes of zones 
of varying concentratione Thus it is necessarily incapable of accounting 
for "leaks" of low concentrations of, say, radio-strontium (Fige ll). A 
knowledce of the possibility of such leaks is highly desirablee 

The second possible approach is to disregard entirely all the mechanistic 
details and treat the problem according to methods similar to those ceveloped 
for distilling columns. This whole approach, utilizing the idea of the 
eauilibrium plate, has recently received considerable cevelopment at the 
hands of A. S. saiaey/, The method is necessarily entirely empirical in 
character.- Its application to the prediction of the motion of radioactive 
nuclides in the soil would cepend on the completion of fairlv detailed 
preliminary studies carried out under similar conditionse This approach may 
prove to be the most practicale A survey of a proposed rround disposal site 
might well consist of a mapping via tracers of the flow of ground watere In 
the process numerous representative samples of soil would be obtainede 
Equilibrium sorption measurements on these uncer concitions envisared for the 
disposal operation would give much of the required information. In any case, 
since all of these sorewhat academic approaches can never be more than puides 
in practical situations, it will undoubtedly be best to explore the applicabil 
of all or several of them in conjunction with the necessary monitoring 


operationse 
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V Summary of Some Pressing Problems 
It is strikingly apparent from the survey presented in this paper how 
thoroughly entangled several apparently unreloted scientific disciplines 
have become in the problem of tracins the fate of radionuclides in the earthe 


The most complex problems of hydrodynamics are made worse by some of the most 


subtle difficulties in surface chemistry, and hoth are in turn complicated by 


the necessity of applying the results to conrlomerates of our most impure 
chemical compounds: soilse Fortunately it is not necessary to wait for the 
solution of all of these difficulties before we can proceed to practical 
problemse We always have the laboratory as the best recourse for quick 
answers to specific ouestionse It is surely true, hovever, that less tire 
will be wasted in the laboratory, as well as in the field, the better the 
theoretical guides we have availablee We would like to conclude ow survey, 
then, with a mention of some of the directions in which we feel that 
scientific work might most profitably proceede 

Very much of importance remains to be done in identifying and character- 
izing the different kinds of surface activity exhibited by the soil mineralse 
The classification given in this paper is far too general to do more than 
serve aS a fuide in specific problemse Thus, the investigation of the complex 
mixtures of hydrous oxides and clay minerals has scarcely been started; much 
remains that should be done in this field, particularly as regards the 
sorption of anions and the effects thereby producede 

Although much has been done in the general theory of sorntion, we badly 
need more fundamental theory as a guidee More realistic models for exchanrce 
Sorption are required to sive reasonable interpretations to the very varied 


types of results that are found with the soil mineralse It is to be hoped 
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that a really competent theoretical chemist will interest himself in these 


problems. 


We need, as we have already surgested, a more thorough analysis of the 


flow problems relating to the motion of fluids in sorbing systems. Although 


it is clear that many of the mathemetical problems tere involved are far too 
complex for explicit solution, with the availability of modern comprting 
machines practical answers to the questions can still be obtairede It is in 
the formulation of these questions that there is much need for more definitiv 
laboratory work together with careful and intelligent analysis of the results, 
Of the manv specific problems which need attention re conclude by 
mentioning only onee "specially in attempts to keep track of cesium and 
strontium in the earth, we need a thorough investigetion of the problem of 
"fixation" on soil minerals, the conditiors vnder which it takes place and 
its differentiation from cases of exceptionally strong adsorption. The 
solution to this problem alone might well save much useless effort in track- 
ing cesium in the earth and perhaps may suggest other end practical means 


for waste disposale 
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A STUDY OF THE MIGRATION OF RADIOELEMENTS IN SOIIS 


iN 


by V.I.Sitsyn, V.D.Balukova, A. F. Naumova, 
V.V.Gromov, F.M.Spiridonov, E.M.Vetrov, 
G.1I.Grafov. * 


The growing use of atomic energy for peaceful purposes has 
resulted in the production of a greater volume of nuclear fuel, 
and this inevitably leads to an accumulation of radioactive waste 
the bulk of which is intended for interment. The problem of how 
to process and store the waste of radiochemical production beco- 
mes of increasingly greater importance to the national economy 
and may eventually limit the further scope of the use of atomic 
energy. 

Several methods of interring radioactive waste have been 
described (1-12): 

1. The storage of steamed solutions in underground steel or 
concrete reservoirs; 

2. Encasement in glass or cement blocks with the subsequent 
burying of blocks in the earth or dumping them into the ocean; 

3. Drainage of radioactive solutions into the ocean or ri- 
vers; 

4, Dumping of radioactive waste into closed basins and other 
earth depositories. 

5. The use of pits and old oil wells. 
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The cheapest and mst accessible method should be the methoj 
of interring radioactive waste in open earth depositories. How. 
ver, the problems of the sorption of fission products by minera); 
in soils and in tne earth have not yet been adequately studied 
(13-21). Besides, in spite of the use of protective screens and 
colmatage layers the seepage of radioactive solutions into tne 
underlying soils is always possiple. Tne conditions under wmnicna 
radioisotopes will migrate with suosoil waters have been very 
inadequately analyzed until now (22-24). 

The present paper is devoted to a study of the laws gover 


radic 
biun 
tion: 











or 
ning the sorption of uranium fission products by some natural 3t 
sorbents, such as soils and soil forming minerals, from solutiog§ .) 
with a varying salt content. Particular attention is paid to cau 
strontium-90 as the most dangerous isotope from the physiologid 
standpoint. Experiments were made both in the laboratory and in} ™' 
the field. Among the materials used were alkaline carbonate andj “™ 
acidic non-carbonate sands containing hums, carbonate clay loa th 
light carbonate clays, medium carbonate clays, a number of cla ru’ 
minerals, feldspars, the mineral groups of calcites, gypsum, ete, 
Two types of solutions were studied: th 
1) an alkaline solution containing NaOH (48 gm/1) and Naw) % 
(200 gm/1); ” 
2) an acidic solution, containing HNO , (68 gm/1) and of 
AL(NO3)3 (200 gm/1). » 
Radicelements, carrier-free or with carrier, were added to e 
the initial solutions, or a mixture of uranium fission prodicts | ° 
was introduced, - 
Static or dynamic methods were used in the studies. In the 
static experiments, the quantities of sorbent were shaken witn pe 
definite portions of the solution before equilibrium was reached = 
After this, radiometric analyses were made. The dynamic experi- . 


ments were carried out in glass cylinders with a diameter of 1cn 
filled with various quantities of sorbent. Previous to this, the 
sorbents were ground and a fraction of 80-100 mesh was selected 
although some of them, like montmorillonite, kaolinite, etc., 

had a mich higher dispersion, In order to study the sorbing prv- 
perties of soils, quantities of from 3 to 400 gms per litre were 
used. 
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Laboratory tests proved that the sorption of all the knowm 
radioelements, with the exception of radiozirconium, radionio- 

} bium and radiocaesium, is mch more complete from alkaline solu- 
tions than from acidic. 

The _H of the medium had a particularly strong effect on the 
grption of cerium, Thus, up to 98-100 per cent of cerium was 
absorbed from an alkaline solution containing sodium nitrate, re- 
gardless of the initial concentration of cerium (interval of con- 
mtration-from imponderable quantities up to 3.3.107* + 3.3.10 -“mg-ey/l, 
or the quantity or nature of the soil (quantities of soil from 
3 to 30 gms per litre of solution). As for acidic media, from 

solutions containing aluminium, cerium was practically not 
caught up at all by the soils. 

The degree of sorption of radioruthenium was extremely low, 
but in an alkaline solution it may reach several tenths of milli- 
curie per 100 gms of soil when cationic ruthenium is used.Prac- 
tically no ruthenium was adsorbed from an acidic medium. Anionic 
ruthenium was absolutely not absorbed by soils. 

The sormtion of strontium in an acidic medium was several 
times lower than in an alkaline medium, When an alkaline solu- 
tion with a strontium concentration of 5.32.107° mg-eq/l was 
used, the soils, regardless of their nature, taken in qantities 
of 30 gms per litre absorbed roughly © per cent of the stron- 
tium, Under similar conditions only 56 per cent of tne input 
quantity was absorbed from an acidic aluminium solution. Wita 
a reduction of the quantity of soils tenfold, the sorption of 
strontium in an alkaline medium falls to 30-33 per cent. 

Apart from this, a great number of natural sorbents, mainly 
pure minerals of inorganic origin, making up the earths and 
soils (25) was tested to determine to what degree they absorb 
microquantities of strontium. The following solutions were used 
in the experiments in this stage of the work (Table 1). 





INDUSTRIAL RADIOACTIVE WASTE DISPOSAL 


Table 1 


No.of Solution Activity for gro Concentration 


curie/litre of felcium 
Jons, 
ssctnclenaintoencntattaiicametiaiiaiiasiiid tial ls iui ill india 


4 1.5.107© 0 
2 1.5.107? 0 
3 8.107° 400 


The first two solutions contained only imponderable quan 

tities of sr°9*9 (40-7 ~ 140°%H) of varying levels of activity 
without the addition of any salts whatsoever. Calcium chloride 
was added to the third solution, so that the concentration of 
calcium was approximately eqal to its content in river water 
hg, results of the experiments are given in Tables 2 and 
3. The montmorillonite clays of various origin are denoted as 
follows: A - montmorillonite clay from Kzyl-CP (Kazakhstan), 
B = Oglanlin (Turkmen Republic); C - Crimea (Kil); D - Askangel 
(Georgia); The pe value of solutions, equal in weight, fluctua- 
ted from 7.2 to 9. The qantity of sorbent equalled 1 gram per 
50 millilitres of solution, 


The Sorption of Radiostrontium by Some Natural 
Silicates and Alumosilicates 


Table 2 


No.of Input Percentage of 
Solution — strontiun 
baorbed __ 


83 





be 
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1 99.9 
A 2 99 
cereipareemietentiniiaeas ciate iis te sical cen alii 
1 99.9 
Montmorillonite B 2 99.9 
Group 4 92 
c 2 3 
4 98 
D 2 99 
EEE 
a anna 
en Quarts 2 19 
3 6 
1 86 
Nepheline Mariupolite 2 92 
syenites 3 54 
(rock ) 
4 70 
Hivinite 2 72 
3 29 
Nepheline Nepheline : 3 
Group a 40 





Serpentine P on 

enieniticdtiiteitanainacaestainted tastaiiiheseiieeie eam 
Serpentine- 4 68 
Kaolinite Kaolinite 2 67 

Group 4 

38 
Dickite 2 39 

a 
4 18 
Talcum 2 21 
Talcum 3 15 
Pyrophillite 44 
Group Pyrophillite 3 14 
6 
1 a4 
Disthen Group Disthen 2 rane 


nm 
w 
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Table 2 (ctd) 


Natrolite 


¥ RS 


| 


Hornblende 45 
at 
23 


~asbsemnaiantilleadanitbepenned tina teaadnnedaneladedmnaabadenaandl 
Asbestos 1 56 
2 48 
3 “1 
Al bite 1 27 
2 32 
<evemiliimenentamtammliiltialitdis sigestapaniimaamtiapeaaieeaiiatll 
Oligoclase 1 39 
37 


ssemnamaenemnes erential 
Labradorite 


4 
2 
ee SS 
Microline i 
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Table 3 


The Sorption of Radiostrontium by Various Minerals 
Other than Silicates and Alumosilicates 





Group Mineral No. of Percentage of 
Input Radiostrontium 
Solution Sorp tion 
cexsciintiecadiciastiimasititntenatanstlMneiin ail aiid asi ciate A Hine 
Magne site 1 34 
2 33 
ceili tari a eee ea 
Calcite 1 xo 
Calcite 2 ag 
Group 3 Pa 
Lime stone 1 45 
(rock) 2 49 
censure iets aataeaiaeaiaalil hiatal 
Aragonite 1 ay 
2 40 
cnsitemeiitiicacaiieema i ia i Sa cence 
Iceland Spar 1 33 
2 3B 


Peat 1 93 
2 92 
Materials 
Organic Peat Sl ag 1 5> 
Origin 


Brown Coal 


nm = 
8 8 


Diatomite 


n= 
Sw 


Covellite Covellite 
Group 


wn 
“fh 
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Table 3 (ctd) 





Calcite Group Ankerite 


| 





Dolomite 4 30 
2 28 
3 21 
Gypsum Group Anhydri de 4 Cup 
39 
a 
Gyp sum 1 48 
Alabaster 2 50 
<asmumtiinenansiateinnsmesteaaipaiiamneaneceasenateiensinaeiianiamanteninasicilitinipaiastimicinaseiii tassels 
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The abo.c tavles (2 and 3) show that among the substances 
tested, those that absorb radiostrontium best are montmorillonite, 
kaolinite, mic.s, Lydromicas, pyrelusite, halloysite, peat, 
phosphorite andi nevheline syenites, These sorbents also have the 
greatest sorption capacity (27). 

It snould =e noted that the mineral groups very common in 
earths and soils, sich as calcite, quartz, gypsum, feldspar,ectc, 
absorb radiostrentium to an insignificant degree. 

Thus, the sorption of radiostrontium by the inorganic part 
of soils anc earths is mainly determined by clayey minerals 
which usually make up the cclloidal dispersion fraction of the 
abovementioned substances, Besides, as Tahles 2 and 3. make clear, 
the presence of calcium iors in a concentration approximately 
equal to their content in river water, considerably reduce the 
sorption or radiostrontium by the sorbents analysed, Il may be 
expected tnat radiostrontium once it gets into the earths end 
soils, will, everything else being eqial, to a greater degree 
be held un where clayoy minrerale are present and where subsoil 
waters contain the least qantity of calcium, 

uur exmperiucats failedto reveal tnat the level of radioacti- 
vity has any effect on the degree of sorption of radiostrontiun, 
Thais is apparently me to the fact that comaratively large 
Qantities c” sorbents have been used, 

The sormtion of radiostrontium by montmorillonite was the 
subject of more comprehensive studies. The mineral in question 
is very common both in a dispersed state as well as in the form 
of large deposits (27). A study was made of Strontium-90 sorption 
by montmori! tonite clays (deposits A, B, C, see p.4) from solu- 
tions containing ve concentration of ions: -s Ne’ ,K’, NHje 
ca’, ms *?, Be’*, ¥e* » at? The ionic strength of the solution 
during the exc7iments remained constant, with pH being eqal 
to 7-8. In the study of the behaviour of microqantities of 
Strontium in +h: sorbent-solution system, depending on the como- 
sition ox th: solution, *he method of detozmining the distribu 
tion coefficient (> ) in static conditions was used (28): 
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VC ne? 100 


Uo “Waa? hme e 


where V —- volume of solution, 
Cie - an equilibrial concentration of the ion 
under study in a solution, 
Guo = ion quantity, absorbed by a given quantity 


of sorbent. 
Fig. 1 shows the results of the measurement of radiostron- 


tium distribution coefficient for montmorillonite from the 
Oglanlin deposits. The curves reflecting the change in the 
distribution coefficient depending on the composition of the 
solution for montmorillonite from the two other deposits are 
insignificantly displaced with respect to each other. 


However, the nature of the changes , as well aa 
their sequence, in case of varying cations present in the solu- 


tion together with the radiostrontium, remains constant for all 
three sorbents. This is quite understandable, considering that 
they are minerally indenvical. Consequently, the nature of 
montmorillonite has an effect on some of the quantitative para- 
meters characterizing sorption without altering tne process of 
sorption as a whole. That is why, for the sake of economizing 
space, only data reflecting the process or the sorption of 
radiostrontium by the montmorillonite from the Oglanlin deposit 
are given. According to tne position of the curves in Fig. 1 
the cations for montmorillonite may be arranged in the follo- 
wing series, according to their avility to reduce the sorption 
of radiostrontiunm: at > pe*?, Be*“> Ca** > me H® > NH, > 
K* > Na’. 

Tne above series makes clear that, in general, the higher 
the cation valency - and in case of equal valency, the smaller 
the radius of the hydrated ions — the greater its effect in 
reducing the degree of radiostrontium sorption by montmorillo- 
mite. It should be noted that the results pertaining to the 
sr** . ve*?, sr*? - 41°? systems should not be compared with 
similar data for monovalent and bivalent cations because of 
using solutions with pH=2 in experiments, 

Our calculations have shown that the process of radiostrom 
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2 





Concentzalion, mg-eg/é 


Pig.1. Curves showing the distribution of micro- 

quantities of strontium between solutions and sorbents 

in the presence of various cations: 4.Ne*;2.E 33, NH; 3 
4H; 5, Met®; 6.cat?; 7.Bat?; 8.FéP 9.01%, 


tium sorption by montmorillonite, being an ion exchange one, 

is qantitatively described with great precision by the law of 
mass action, It should be noted that there is no basic diffe— 
rence in the sorption of strontium in macroareas and microareas 
of the concentration of its ions. The exchange constants recei- 
ved with weight qantities of strontium may be suitably used to 
calculate the process of sorption of traces of strontium, 

The desorption of radiostrontium from montmorillonite is 
also subject to the law of mass action which has been used to 
work out the forma allowing the calculation of the qantity 
of radiostrontium remaining in the sorbent after "n" treatments 


of it by portions of desorbing solution with a constant salt 
comosition: 


te 2 Aa Pelee BR coc 
mn 


where a the quantity of radiostrontium on the sorbent prior 
to desorption, 
~- the quantity of radiostrontium on the sorbent after 
n desorption events, 
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n— number of desorption events, 

k = constant, 

Vv - volume of solution portion used in the desorption 
of strontiun, 

m-— weight of the sorbent. 


Calculations on Formla 2 well coincide with the results of 
the experiment. 

Of the other radioelement fragments, zirconium and niobiun 
are equally well (up to 98-99 per cent) caught up by the soils 
analyzed, both from alkaline and acidic solutions as well. The 
Capacity of soils with respect to zirconium and niobium has 
not been established for it is, apparently, extremely great 
while it is impossible to add macroquantities of zirconium and 
nioboum into the solution due to the low solubility of tne com 
pounds of these elements in the solutions used, 

The degree to which caesium is absorbed by soils depends 
very little on the acidity of the medium. From solutions with 
a@ caesium concentration of 4,2.1077 mg-eq/l with the use or 
30 gm/l of soil, sands absorb 50 per cent, sandy loams 90 per 
cent, clays 90 per cent of the input qantity. 

The maximim capacity of soils with respect to caesium is 
established with the aid of dynamic tests in glass colums, 

The filtration speed is 0.51.0 ml per hour. It has been disco- 
vVered that sandy loams absorb 4 mg-eq of caesium per 100 gms 

of soil, with 11 per cent of the qantity absorbed easily 
washed away with water. Sandy loams catch up 1.25 mg-eq of 
caesium per 100 gms. The subsequent treatment of the sandy loam 
with water will wash away up to 30 per cent of the caesium. 
However, the soil is capable of absorbing from a fresh caesium 
solution qantitites equal to those washed away. 

FPig.2 shows the curves of the sorption (1) desorption (2) 
and secondary sorption (3) of caesium, In the experiment, an 
alkaline solution with a 10 mg-eq/l of CsNO, has been used, 

The quantity of sandy loam in the cylinder was equal to 10 grams. 
The results indicate that the curves of desorption and secon 
dary sorption are practically identical. 
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Pig.2. The sorption of caesium by sandy loam in 
dynamic conditions. 1. sorptions 2. desorption; 
3.secondary sorption. 


The testing of the sorption properties of soils with respect 
to a mixture of fission products in alkali and acidic solutions 
confirmed the preliminary results of experiments in which single 
Tadioelements have been used. The solutions used in these exe- 
Timents have the following radiochemical compositions: Sr” 14.5 
per cent; Cs 16 per cent, Rn? 68 per cent, rare earth ele 
ments 0.5 per cent, zr?? +. Np? 1 per cent with the total 

B-radioactivity of about 50 millicurie/litre. 

The study of the sorption property of sands has been con 
g@ucted in dynamic conditions with a filtration speed of 2-5 
ml per hour, It has been estabdlisnhed that in an alkali medium 
the filtration of radioactivity takes place in the first drops 
of the filtrate die to the presence of the low-sorbing rutheniun- 

not more than 30 per cent of the input qantity of rutheniun 
in the solution is retained by the sand, 

The capacity of non-carbonate sandy loams containing hums 
has, with respect to the total number of elements used, 39-48 
mg-eq. radium in j--radiation and 410-538 millicurie in 
&radiation per 100 grams of soil. The capacity of carbonate 
sand is somewhat lower, and stands at 10 mg-eq, radium in 

y-radiation and 180 millicurie in 8-radiation per 100 gms 
of soil. 

There is practically no sorption of radioruthenium, rare 
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earths and radiostrontium when an acidic aluminium solution is 
passed through sand. The first portion of the filtered solution 
containes about 100 per cent of radioruthenium and rare earths, 
80 per cent of radiostrontium and about 15-18 per cent of radio- 
zirconium and radioniobium, Thus, in natural conditions, sands 
will absorb from acidic aluminium solutions only radiocaesiun, 
radiozirconium and radioniobium, The study of the sorption 
properties of sands with respect to these radioelements in an 
acidic medium is of no interest because the preliminary experi- 
ments with the several radioelements have revealed that they 
are equally well absorbed from an alkaline as from an acidic 
me dium, 

The sorption property of sandy loams and clays with respect 
to alkaline solutions has been studied under static condition, 
A Qaantity of soil has been treated witn solution until there is 
manifest somtion of radioactivity from the solution, It has been 
Giscévered that radiostrontium and radiocaesium are absorbed 
from a salt alkaline solution in the following qantities: 


No. il cae 
= lnvitedsfs Miilicurte/ 
siinilntiamicemattatataanmaiadameteiininaseaiiiasieaidieaatatadaadnaaaai cinema 

1. Medium Sandy 

Loam, Carbonate 242.0 7.0 
20 Light Clay, 

Carbonate 200.0 9.4 
3. Sand, 

Carbonate 172.0 9.4 





The sorption of radiozirconium, radioniobium and rare 
earths has not been determined since it may be expected, on 
the basis of preliminary experiments, that in an alkaline 
medium the capacity cf soil with respect to them is very great. 
The content of these elements in the an'utions analyzed is in- 
significant. 

The sorption of radioelements wil] apparently largely de- 
pend on the thickness of the soil layer through which the liqid 
filters. Laboratory experiments with olkaline solutions contai- 
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ning fission products have showen that witn the increase in the 
quantities of soil - the solution volume being constant - the 
degree of tne sorption of a mixture of radioelements goes up 

to a certain limit which depends on tme presence of the non-sor 
bing anionic radioruthenium, by using qantities of soils up to 
400 gm/l for the purification of a radioactive alkaline solu- 
tion, the degree of the sorption of radioelements may be raised 
to 94-96 per cent of the input qantity. The further increase 

in the qantities of soils does mit increase the degree of 
sorption (Pig. 3). 





«0 «6800 300 “00-300 600 me en 


Pig. 3.Relation between the sorption of the sum of 
element fragments and the quantity of soil. Sorption 
from alkaline media. 1.Heavy carbonate sandy loam; 
2. light carbonate clays 3. medium carbonate sandy 
loam. 

Sorption from acidic medium: 4, medium carbonate 
sandy loan. 


Prom an acidic solution, regardless of the quantity of 
soils, the degree of sorption of the sum of the radioelements 
is extremely small and reaches 28-30 per cent. In general, 
radiozirconium, radioniobium and, to a certain extent, radio- 
caesium are absorbed from a strongly acidic medium, When soils 
which have absorbed radioisotopes are treated with water or an 
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alkaline solution, a part of the radioelements pass into the 


solution. The washing with ea salt solution is mch more effecti- 
ve than with water: 





Soil Conditions of Radioisotopes Washed 
De sorp tion Off (in per cent of 






















Carbonate Alkaline Solution 30 

Sandy Loan Water o 2 

Light Carbonate 

Clay Alkaline’ Solution 4.0 
Water 0. 14 

Send,Carbonate Alkaline Solution 4.13 
Water 0.14 





The radiochemical analysis of desorption solutions reveals 
that, in the main, radiostrontium and radioruthemuim are washed 
off the soils. The other radioisotopes are rather firmly retai- 
ned by the soils. 
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Pig.4. Secondary sorption of the sum of radio- 
elements from desorbing solutions. 1. sorption 


from an alkaline solution; 2. sorption from water, 


The desorbed elements are again caught up by the soils 
with the degree of secondary sorption depending on the quantity 
of added soil. Pig.4 shows the dependance of the reduction in 

the radioactivity of the washing off solution up on the qantity 
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of soil. 

Thus, the laboratory experiments indicate that in the soils 
the most mobile are strontium and rutheniun. 

In order to check the capability of soils in natural sur 
roundings, to absorb and retain the fission products from solu- 
tions and subsoil waters, field experiments were staged. For 
this purpose a plot was used whose main surface soils were allu- 
Vial sands, mostly fine-grained, with insignificant layers and 
lensings of clay loams. In the thick of the sands, at a depth 
between five and seven metres, there were subsoil waters whose 
movement had a laminary character. From above and below the water 
bearing layer was limited by a dense layer of sandy loam of small 
thickness, Preliminary studies had been made to determine the 
hydrogeological characteristics of the plot and the direction 
and apeed of the movement of the soil stream. 


Pig.5. Construction of wells and arrangement of control 
slits, 1.Well No. 13 2. Well No. 23 3. Well No. 3 
a) Samplers; 0») Level gauges’ c) Input pipes 

a) Water-saturated layer. 
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Three experimental filtering wells had been sunk on the 
plot (Fig.5) through which the solution containing fission pro- 
@icts and sodium nitrate was introdiced into the soil stream, 
Three hundred curie of radioactive substances with a sodium 
nitrate of 200 gm/i was throm into each well. The radioactive 
Solutions contained sr”, cs'3? . ar?? ’ Nb?? ’ Ru 196 . ce 4 
and other fragmentary rare earth elements. 

The construction design of the wells and the position of 
the control slits shown in Pig.4 was designed to study the 
distribution of radioactive isotopes in the waterbearing layer 
in the direction of the soil stream as well as against it. The 
wells were chinks one metre in diameter inlaid with asbocement 
piping and covered with bitumen on the inside. Each well had a 
cover, level gauge, sampler and tw drain pipes through which 
the solutions were loaded. The design of the filtering bottom of 
the wells allowed to introduce the radioactive solutions into 
the stream in different ways. Tne deptn of the first well reached 
the upper level of the subsoil waters which allowed the solution 
to be directly introduced into the stream through the entire 
Bottom area. In the second well the solution was shed through 
openings in the earth lock, 25 cm thick. The filtering bottom 
in the third well was a metre thick layer of underlying sendy 
soil of natural structure. 

The solutions were introduced a single time, with the fall 
in the level in all three experiments taking place sufficiently 
fast. All subsequent observations of the distribution of radio 
isotopes were made by taking samples from the subsoil waters fros 
the control slits and were carried on for several months, Piezo- 
meters on the slits were mounted in such a way as to have the 
perforated part of the piping cover the waterbearing soil layer. 
Before each sample was taken, the water in the well was carefully 
stirred and was kept for settling for three to five mimtes, 

The pH value was determined in all the samples of water 
directly. This was determined to fluctuate between 7+8 for the 
entire period of the experiments. The radiometric and radiocheni- 
Cal analysis demanded preliminary concentration, and that was 
effected mainly by steaming iovn te no less than 10 times, 
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The observations have showen that the distribution of ra- 
dioactive pollutions in the waterbearing layer may be divided 
into two periods. The first period pertains to the time when 
the solutions penetrated into the subsoil waters through the 
wells, when the natural movement of the soil stream is disrupted 
In that period, due to the slow movement speed of the subsoil 
waters and the fast filtration of the solutions their flow in 
the stream take place practically over a similar radius in every 
direction, An increase in beta and gamma radioactivity of the 
water both along the stream as well as against it has been de- 
termined in the slits nearest to the wells. It had been conti- 
nueing for several days after the solution was poured in and was 
recorded within a radius of three metres from the first and 
second wells (Figs.6 and 7), and within a radius of one metre 
from the third well. At the same time, it had been observed that 
the level of pollution of the water in the direction opposite to 
the stream was, in the first six days after the intrédction of 
the solution, somewhat higher in all three wells. 
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Pig.6.The content of the Pig.7.The content of the total 


total 8-radioactivity y-radioactivity in the slits of 
in the slits of well well No.2. te slit No. 33 2. Slit 
foo1, 1,S1it No.125 No.4; 3. Slit No.5. 
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However, the increase in the degree of radioactivity of the water 


in the slits situated along the stream continued considerably ee 
longer than in the slits arranged in the opposite direction. Thus, ie 
the radioactivity of the water in slit 1 increased in the course oat: 
of 12 days, in slits 11-20 days and in slit 24-35 days; mean- 
while, the fall in radioactivity in the slits of the opposite we 
direction (37,38 and 41) began on the sixth day of the operation ali 
of the wells. the 
Thansk to the effect of pressure and the high filtrating ves 
Qualities of the well bottoms, the distribution of the radioacti- the 
ve elements in the stream took place over the entire depth of the the 
water bearing layer. The time of contact between the soil partic (Fi 
les with the solution proved to be insufficiently long for the the 
easily sorbed radioelements (zirconium niobium, caesium and the 
rare earth elements) to be fixed in the soil. In that period of i 
time, the water in the slits nearest to the well (at a distance of at 
one metre from the well wall) contained all the fission products | 
introduced into the well with a slightly altered percentage com | ™ 
tent of radioelements in comparison with the input solution, - 
According to laboratory tests, the filtration through such a - 
quantity of soil should have ensured purification from zirconium, te 
niobium, cerium, the rare earth elements and largely from caesiun, th 
ANalyses of the waters in the slits more than one metre away fron 
* the well walls had shown that their main radioactive pollutions ne 
were radiostrontium and radioruthenium. Thus, when the radioactiv| + 
solution is raptdly introduced there is not sufficent contact ac 
between the soil particles and the ions of the radioisotopes to a 
effect a comlete sorption equilibrium even for the easily sorbed Ce 
components when there is a great excess of the sorbent. de 
The second period of the migration of the radioelements per & 
tains to tne time of the reestablishment of the normal regime of n 
movement of the sudsoil waters. Observations of the levels of f. 
waters in the slits showed that the restoration of the natural r 
regime of the stream took place in the area of wells and appro- 
ximately after three days and after some 6-8 days in the area of ~ 
well, It was approximately then that the level of radioactivity 0 


of the water in the shafts arranged against the stream ceased to 
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rise. The migration of the radioelements in that period depends 
only on the processes of sorption and desorption on the water 
bearing soils and the stationary speed of movement of the sub- 
soil waters. 

As a result of the observations, we established the syste 
matic rise and fall in the radioactivity of the water in the 
slits in the direction of the movement of the sudsoil stream. 

The slits of the first radius (one metre from the well wall) re- 
vealed a single maximm for the level of radioactivity, while for 
the slits of the second radius (three metres from the well wall) 
there was a twofold rise in the radioactivity of the water 
(Pig.7). The first maximums were mainly due to the outflow of 
the solutions in the initial period, whereas the second were the 
result of the migration of radioelements along the stream und 

er the normal movement of subsoil waters. As the area of the 
water polluted by radioactive suostances advanced there was a 
marked fall in the level of radioactivity. 

In the first radius of the slits tne pollution of the water 
was measured by the tens and hundreds of millicurie per litre; 
in the second, three metres of the well, the radioactivity had 
fallen three or four orders, and in the third, five metres from 
the well, it was another order lower. 

Test drills were made on the polluted area to study tne 
nature of the sorption of the radioisotopes by the soil. Analyses 
of the samples of the soils taken from various points of the 
aquifer showed that the fall in the level of radioactivity on the 
area between slits of the first and second radius was mainly 
caused by the sorption of radioelements on the soils. The further 
decline in the level of radioactivity was de to a considerable 
dissolution in the stream which took place in spite of the lami- 
nary character of the movement of the sudsoil waters. The latter 
fact served as the cause for limiting our observations to a 
radius of between seven and 10 metres from the wells. 

With time, the radiochemical analysis of the pollutions 
migrating along the aquifer changed. Under the normal movement 
of the stream, zirconium, niobium, caesium and the rare eartn 
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elements were sorbed and well retained by the water bearing sand, 
which served to substantiate our laboratory experiments. Radiocas 
sium was somewhat more mobile, but, in the main, the radioactivi- 
ty of the water was determined by radiostrontium and radioruthe- 
nium (Figs.e8 and 9). The advance of radiostrontium along the 
stream took place at a speed practically equal to the speed of 
the movement of the sudsoil waters. Trace quantities of radio- 
strontium were found in the samples taken from slits seven metres 
away from the wells. Analyses of the soils taken at a distance 
of over three metres from the well revealed the absence of radio 
active pollutions in them, 


Pig.8. The radiochemical analysis Fig.9. Radiochemical content 
of the polluted water of slit of water contamination, Slit 13 
No.11. 1,.Total B-radioactivity. (Sr-content 1, Ru - 2, Cs - 3), 
2. Ru content; 3. Sr Content; 

4. Cs content. 


Thus, the data obtained testifies to the very difficult som- 


tion of radiostrontium in wat:r bearing soils and the easy move- 
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ment of the element in subdsoil waters. 

Our observations of the migration of radioruthenium have 
allowed us to establish the fact that the speed of its distri- 
bution in the stream is roughly twice as slow as that of radio- 
strontium, 

The ease with which radiostrontium is desorbed from sandy 
soils of natural structure have been additionally checked in the 
process of washing the underlying bottom of the third well. 
Naturally, the presence of a bottom monolith in that well asa 
filter resulted in the sorption of a considerable part of the 
radioelements introduced, and reduced the radius of their distri- 
tution in the first period of the operation of the well. 

To check the strength of the retention of radioactivity on the 
soil, a washing of the monolith was made at the end of tne expe 
riment with a 4 m° acidulated solution of sodium nitrate 

(ENO 2 gn/, NaNO, 200 gm/l). In the process of washing it was 
established that it was mainly radiostrontium that was washed 
off the soil and distributed along the stream. Of the other 
elements only radioruthenium was observed, Radiocaesium, washed 
off the sandy bottom of the well was retained by the neighbou- 
ring layers of the soil. 

Thus, the results of field experiments proved the basic 
data of the laboratory research on the laws governing the sorp- 
tion of fission products by soils. The fact that the experiments 
were carried out in conditions least favouring sorption and the 
fixation of the radioactive substances (the stream of subsoil 
waters) went to prove that the interment of such radioelements 
as zirconium, niobium, cerium and the rare earth elements should 
not give rise to serious apprehension. It appears that the 
behaviour of caesium is also favourable but requires additional 
study. 

The main danger in the drainage of radioactive waste in 

earth depositories is unquestionably presented by strontium, due 
| to the considerable desorption of it even by subsoil waters. 
Anionic ruthenium is likewise practically not sorbed by soils of 


Various mineralogical composition. From that point of view, the 
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areas most favourable for the construction of earth deposi- 
tores are those which have low-lying subsoil waters with 


slow movement, low content of calcium ions and generally low 
Salination. 
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TREATMENT OF HIGH-LEVEL WASTES BY SINTERING 


By 


es 
T. Tamura, Oak Ridge National Laboratory 


One method under investigation for treating high-level wastes is 
the fixation of fission products in highly insoluble fused ceramic masses, 
Amphiett and co-workers use soil as the base of the ceramic material. + 
The Canadian investigators utilize nepheline syenite to supply the soda, 
alumina, and silica.* Professor Patrick of Johns Hopkins University pro- 
duces crystalline silicates to retain the fission products. 

‘The purpose of fixation treatment is to produce a waste form which 
will minimize environmental contamination by having the fission products 
embedded in a durable and insoluble solid. It is not difficult to prepare 
fused, durable ceramic sinters or glasses by employing temperatures of 


approximately 1300° c It would be desirable to prepare these durable 


1. Amphlett, A. B., and Warren, D. T., "Fixation of Activity in 
Solid Form by Absorption on Soils," Part II, AERE C/R 2202, 1957. 


2. Durham, Rk. W., “Report of Working Meeting on Fixation of Radio- 
activity in Stable, Solid Media at the Johns Hopkins University," June 19- 
21, 1957, TID 7550, p. 8., 1958. 


3. Patrick, W. A., Ibid., p. 35. 


4, Dickson, J. H., "Glass," Hutchinson's Scientific and Technical 
Publications, London, 1951. 


“Date of birth, November 15, 1926; place of birth, Lahaina, Maui, Terr. 
of Hawaii; University of Hawaii (1944-1949), B.S., Chemistry; University of 
Wisconsin (1949-1951), M.S., Soils; University of Wisconsin (1951-1962), 
PheD., Soils; Conn. Agric. Expt. Sta. (1952-1956), Soil Scientist; Westing- 
house Electric (1956-1957), Chemist; Oak Ridge Nat'l] Lab. (1957-present). 
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sinters or glasses at lower temperatures of about 850° C. A lower tenm- 
perature of firing would minimize the volatilization of some fission prod- 
ucts such as cesium. 

With lower heating temperatures in mind, studies were made of sin- 
ters which would retain a large percentage of the fission products. In 
order to limit the parameters, the waste used was simulated neutralized 
Purex prepared according to the method outlined by Lacy.” Since the fis- 
sion element most difficult to fix is cesium, the studies were primarily 
concerned with the leachability of this element. The cesium concentration 
was kept at 100 mg per liter in the simlated waste solution; cesium 137 
tracer was used for the analytical determination of cesium. Although sev- 
eral different techniques were used to determine the amount and rate of 


leaching, the most reliable technique was found to be the method recom- 


mended by the Committee on Durability of the American Ceramic Society.© 


Early Experiments on the Production of Sinters. Although earlier 


experiments were subject to errors of judgment, they were valuable in 
establishing certain ideas and in gaining information on the operational 
techniques of sinter production. It is interesting to note that the early 


experiments showed the necessity of using over 60 g of illite per 50 ml of 


5. Lacy, W. J., “Manual for the Preparation of Simulated Fuel 
Reprocessing Waste Solutions," ORNL CF-58-4-45, 1958. 


6. Morey, G. W., "The Properties of Glass," Reinhold Publishing 
Company, New York, 1954. 
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waste solution to produce a sinter which would retain cesium at a level 
of 99% or greater, even though 20 or 40 g of illite formed sinters 
strongly resembling glasses in contrast to more porous sinters. 

In addition, information was sought through the literature. One of 


T Selected data from his 


the more applicable reports was that by J. Enss. 
report are summarized in Table 1. These data show the durability of glasses 
with the optimum amount of substituting cation (Table 1). The report also 
carries a range of concentrations for each cation. These data suggest 
that smaller and more highly charged cations are more effective in increas- 
ing the durability of sodium silicate glasses. Of particular interest is 
the effect of alumina on the durability of glasses, since clays are not 


only sources of silica but alumina as well. 


Effect of the Form of Alumina on Cesium Retention by Sinters. Enss 
showed that alumina increases the durability of glasses; his study was con- 


ducted at temperatures much higher than 850° c and for durations of time 
which insured glass formation. With lower temperatures and limited heating 
time, it was felt that the form of alumina would influence the sinter's 
ability to retain cesium. In the use of clays as the additive, alumina 


is introduced into the system bonded with silicon through a common oxygen 


atom. If alumina were introduced without the common bond with silicon, 


it is likely that the soda would attack the silica and alumina independ- 


ently, and a satisfactory sinter would not be formed. 


7. Enss, J., “Untersucmmmgen uber die Abhangigkeit der relativer 
Wasser-Angreisbarkeit Jes Glases von seiner Chemischer Zusammensetzung," 
Glasstech. Ber. 5, 449, 1928. 
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Table 1. Durability of Sodium Silicate Glasses Which Have Silica 
Substituted by Selected Oxides* 





Percentage of Components in Glass Number: 











Components 1 2 3 4 5 
Na,0 17.3 18.2 18.7 17.5 17.5 
810, 82.2 75.9 67.1 53.3 55.3 
BAO; 5.3 
A1,0, 14.2 
Cad 28.7 
zn0 28.4 

Total Oxides -------------- 99.5 99.4 100.0 99.5 99.2 
Weight loss on leaching (4%) 33.9 0.50 0.11 0.22 0.09 


*Date from J. Enss. | 
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The results of several tests using clay and oxide ingredients are 
shown in Table 2. From columns 1 and 2, it is seen that the aluminosili- 
cate (clay) is superior to the oxide ingredients. Comparing the results 
in columns 2, 3, and 4, one is led to conclude that alumina is not com 
pletely incorporated by the silicate; in fact, the formation of sodium 
aluminate is suggested by the high alumina content in the leaching solution, 
There is the further inference from these tests that the formation of durabk 


sinters from AL(™O,) 5 type waste would require a different treatment. 


The Effect of Different Clay Minerals on Cesium Retention. The weight 


of clay used in these tests was based on the production of sinters of equal 
weight. Thus, clays with high moisture or hydroxyl content were added in 
greater amounts than clays with low moisture content. The clays which were 
selected represent the basic types of clay minerals found in soils and sedi- 
ments. Furthermore, they represent structures which differ in the amount ani 
manner in which aluminum is distributed. The bentonites represent structures 
with two separate layers of silicate; these silicate layers are joined to- 
gether by an alumina layer. Kaolinite differs from the bentonite in having 
only one layer of silicate with the layer of alumina attached to it. The 
illite and Conasauga shale samples represent clays which have a similar 
arrangement as the bentonites; they differ in having aluminum in positions 
where silicon normally is found in the silicate layer. As much as one out 


of four silicon atoms may be replaced. 


From the results shown in Table 3, and from earlier teste,” the 


8. Morgan, K. Z., “Health Physics Division Annual Progress Report," 
ORNL-2590, TID-4500, p. 77, 1958. 
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Table 2. The Retention of Cesium as Influenced by the Form 
And Amount of Alumina in the Mix 


Grams Oxide in Sample Number: 
Composition 2 3 


Al,0, ° 20.7 2.50 2.07 

Si0,, 41.0 54.9 41.0 
3.68 5.05 3.68 
2.28 2.935 2.28 
4,88 6.61 4,88 


72.54 71.99 535-91 


Chemical Chemical Chemical 
(oxide (oxide (oxide 
Clay or or 


or 
Sources of the Ingredients (illite) nitrate) nitrate) nitrate) 


Cesium leached (%) 0.13 1.10 0.20 0.31 
pH of leachate ---- o<-- 11.20 11.80 
Leachate composition (ppm) : 
Na 46.0 28.1 80.0 250.0 
7.6 21.0 33.0 
165.0 20.0 60.0 
34.0 735.0 
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Table 3. The Influence of Clay Type on the Retention of Cesium cate 
alum 
Fithien Conasauga Wyoming Georgia Ariz) gard 
Source and Material Illite Shale Bentonite Kaolin Bentoni 

Initiel weight of clay used (g) 80.0 80.2 85.8 87.3 97.2 § For. 
Final weight of sinter (g) 83.7 83.9 86.1 85.0 84.4 high 
Cesium leached (4%) 0.13 0.13 0.27 0.02 0.47 simi 
PH of leachate 10.4 10.0 4353 9.63 10.7 aire 
Leachate composition (ppm): Ps 

Na 50 34 180 15 65 
amow. 

Si 22 25 54 10 39 
as a 

Al 5 6 7 ~ 5 
diag 

K 8 3 1 1 <3 
eter 
the | 
ofa 
stro 
dural 


dori: 
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pentonites are considered to be less effective than the other clays. The 
increased leachability of cesium from bentonites is thought to be due to 
the higher content of magnesium in these clays. Magnesium is present in 
place of aluminum in the structure of clay. Enss showed that aluminum 
is much more effective in increasing the durability of sodium silicates than 
magnesium; thus, when the clay is attacked by the sodium, the resultant sili- 
cate system containing magnesium would not be as durable as one containing 
aluminum. Available data are insufficient to draw final conclusions re- 
garding the superiority of any ome clay type. 

Several interesting relationships became apparent and were verified. 
For example, it was noticed that if the sodium content in the leachate was 
high, the per cent or amount of cesium leached was high. This suggests a 
similar role for the two elements. Since the sodium content varies with 
different sinters, it is suggestive of an incomplete reaction, and the degree 
of completion affects the sinter's ability to retain cesium. In Fig. 1 the 
amount of cesium leached from four different sinter preparations is plotted 
as a function of the pH (a measure of the sodium content). The scatter 


diagram strongly suggests a significant relationship between the two param- 


eters. 


The Use of Boric Acid as a Fluxing Agent. If the inference regarding 


the incomplete reaction between the clay and soda is correct, then the use 
of a fluxing agent is indicated. Boric acid - selected since it is a 
stronger acid than silicic acid and because of its proven ability to improve 
durability according to Enss.! It was necessary to determine the amount of 


boric oxide which would accomplish the desired acceleration of fusion and 
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FIGURE 1, The relationship of the leachability of cesium and sodium from 
sinters. The pH is used as a measure of the sodium ion content, 
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yet not weaken the sinter by forming sodium borate. Table 4 shows the com- 
positions of sinters prepared from Conasauga shale and different amounts 

of boric oxide. Note that the minimum of leached cesium is observed at 
the sinter was well fused; however, chemical 


~ 
8.5% B,0 At 17.1% B,0 


> 3 
analysis showed that the silica and alumina were relatively more soluble. 
This indicates that the frame work has been weakened by an excessive amount 
of borate. 

The addition of borates as an ingredient may be contrasted with the 
addition of alumina as an ingredient. It was shown earlier that high amounts 
of alumina resulted in a high concentration of aluminum leached from the sin- 
ter (Table 2). It might seem that a similar situation could result from the 


addition of borate. However, with as much as 17% B,0 the leachability of 


3 
cesium was below that found for the sinter containing no borate. The dif- 
ference in the behavior of the two materials on the characteristic of the 
sinter lies in their “glass forming” or network forming parameters. The 
ability of elements to form glasses have been associated with the element's 
ionic size and charge. Elements, such as silicon, with a small size and high 
charge are particularly favored to form a three dimensional network which is 
the basic framework of glasses. Though both aluminum and boron have triva- 
lent positive charges, aluminum is larger than silicon, whereas boron is 
smaller. This smaller size is favorable for the "glassy" network formation; 


and the boron appears to be easily incorporated within the silicate network. 


The latter statement is based on the observation that sinters containing as 


low as 2% Bos are massive and harder than those without borate indicating 


a well-integrated system for the borated sinters. 


87457 O—59—vol. 3-9 
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Table 4. The Effect of Boric Oxide on the Retentivity 
Of Cesium by Sinters 


Sample No. 


2 


Weight % of: 
Conasauga Shale 
BOs 
Na,0 


Cesium leached (4%) 
pH of leachate 


Leachate composition (ppm) : 
Na 
Si 
Al 
K 





beni 


0.6 
Tl 
1.1 


0.03 


8.9 
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Retention of Strontium by Sinters. Thus far no mention has been 
made of the retention of strontium by these sinters. The effort on cesium 
retention was prompted by earlier tests which showed strontium to be retained 
by sinters approximately ten times more effectively than was cesium. ? 

Since the ionic radius of strontium (1.13 A) is similar to that of 
sodium (0.95 A) and cesium (1.69 A), they will all occupy similar positions 
in the aluminosilicate framework. Furthermore, it is common practice in 
glass technology to strengthen sodium silicate glasses by the addition of 
divalent ions such as zinc and calcium (see Table 1). Hence, evidence and 
reasoning point to a degree of retention for strontium which would be equal 
to or greater than for cesium. 

A series of sinters with Conasauga shale and boric oxide (8.5%) were 
leached to determine the retention of strontium. The leaching of strontium, 
as measured by strontium 89 counting, was not detectable. The accuracy of 
the experimental method limited the establishment of retention at 99.99 + 0.014%. 

The approach to the fixation of cesium and strontium on a structural 
basis has been fruitful thus far. A similar approach to the sorption of these 
elements by clay minerals has also proved to be profitable. In contrast to 
the empirical techniques applied in the production of these sinters, sorption 
studies have been conducted on clay minerals whose structural parameters have 
been changed by selective treatment. These studies have shown that cesiun 


sorption is particularly sensitive to changes in accessibility of the sili- 


cate framework. 





9. Morgan, K. Z., Ibid., p. 75. 
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Both sinter production and sorption studies with clay minerals are 


continuing. Earlier experiments are being repeated since the earlier leg 


techniques were not reproducible due largely to difference in surface area 


of the sinters. Efforts to improve the sinter's ability to retain fission 


products and to produce sinters with higher bulk densities are in progress, 
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AN EXPERIMENTAL FACILITY FOR HIGH-LEVEL WASTE FIXATION STUDIES* 


By 
W. J. Boegly, Jr*¥ and E, G, Strwmess (p, 18hh) 


Oak Ridge National Laboratory 
Operated by 
Union Carbide Corporation 
for 
U. S. Atomic Energy Commission 
Oak Ridge, Tennessee 


One possible method for disposing of high-level radioactive 
wastes is the fixation of the fission products in a stable, solid medium. 
Several procedures and techniques have been and are being developed for 
"fixing" fission products in aluminosilicate solids with variations in the 
firing temperature and the method of firing. At Oak Ridge National Labora- 
tory primary emphasis has been on the fixing of fission products and earthen 
materials at temperatures below 900° C using the fission product decay heat 
available in the waste solution. In recent months this development program 
has been broadened to include the use of supplementary heat from artificial 
sources in fixing wastes which do not contain enough decay energy to self- 
heat to g00° Cc. 

Field experiments designed to simulate the heating expected in 


reactor fuel reprocessing wastes have shown that it is possible to obtain 





* Detailed Statement for the Congressional Record on Joint Con- 
gressional Committee on Atomic Energy Public Hearings on Industrial Radio- 
active Waste Disposal, January 28, 29, 30, and February 2, 3, 1959, Wash- 
ington, D. C. 

es 


Date of births April 25, 1931, Place of birth; Camden, New Jersey, 
Rensselaer Polytechnic Institute (1948-1952), B.C.EB., Civil Engineering; 
Purdue University (1952-1953), M.S.C.E., Civil Engineering; Purdue Univer- 
sity (1953-1956), Ph.D., Civil Engineering; 

Barker & Wheeler (1952), Engineer; Purdue University (1952-1956) Research 
Fellow; Oak Ridge Nat'l Lab. Union Carbide Nuclear Co. (1966-present 
sngineering Leader 
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ion of the heat required to produce a satisfactory ceramic 

data necessary for the evaluation of thermal gradients in 
self-heating and the evolution of radioactive off-gases cannot be obtained 
except by experimentation with actual radioactive waste solutions. These 
experiments can only be performed in a "hot" cell or in a suitable facility 
in the field. The design and construction of such a field facility for use 


in high-level waste-fixation experiments is the subject of this paper. 


DESCRIPTION OF FACILITY 


The experimental facility is composed of three parts: (1) the 
furnace and mixer; (2) the off-gas cleaning system; and (3) the devices for 


the thermal measurements and the power controls. 


Furnace and Mixing Assembly 
To insure the containment of fission products, the entire mixing 
and furnace assembly is located underground in a shielded concrete contain- 
ment vessel (Figure 1). This provides for the isolation of all fission proé 
ucts, except those released to the off-gas system. The containment vessel 
is composed of two concrete liners: an outer liner, 10 feet in diameter and 
10 feet deep, and an inner one, 6 feet in diameter and 9 1/2 feet deep. The 
annular space between the liners is filled with sand for shielding and struc 
tural purposes. It also provides a second barrier in case the inner liner 
ixer is located above the furnace and its contents are discharge 


remotely-operated valve is opened. The furnace is com 


cylinders, an outer cylinder for structural 
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Fig. 1. Experimental Facility for High-Level Self-Sintering. 
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inner cylinder to retain the fired sinter 
ing hooks are provided for 
the inner cylinder. The cover is equip- 
for the mixer discharge pipe, and 
in measuring thermal 


the waste solution are fabricated from 


diabatic heater," shown 
ceramic material. The f 
and thereby reduce 
ting the furnace with the heat barrie 
ay-flux mixtures containing fewer curies 


ier in a self-heating experiment, 


low small thermal gradients from the 


furnace t he rounding insulation, thus assuring internal heat solely 


attributable to the decaying fission products. The heat barrier can also be 


s 


external heating in experiments where the 


and particulates released during mixing and firing 
gas system shown in Figure 4. The system, located 
10 feet deep, consists 

(2) a packed tower containing 


scrubber; and (4) 


and decontamination devices 
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Fig. 2. Adiabatic Fumace, Showing Inner Container and Cover. 
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located about 

the dewatering stage will condense in the off-gas line and drain to the 
condensate vessel. om is vessel the gases will enter the packed tower, 
which removes CO, and some of the fission product gases. Gases leaving the 


pass through the jet mixer in continuous contact with a 


caustic solution until all chemically reactive gases and fission products 


been removed. Any remaining gas (mainly the noble fission product gases) 
will pass through a multibed filter, composed of successive layers of sand, 
soda lime, and activated carbon, before release to the atmosphere. The vacuz 
required to exhaust these gases from the furnace and mixer is provided by the 
jet mixer. To evaluate the performance of each unit or combination of units, 
lines around all vessels except the condensate vessel are installed, 
thus it is possible to operate any number of these units in any sequence. 
Isokinetic sampling i both fore and aft of each unit, are included to 
determine the efficiency of each unit or combination of units. Provisions 
are made to fractionate the sampled gas stream into condensible gases, non- 


condensible gases, and particulates. The central sampling station is located 


in a shielded cubicle atop the two shielded concrete tanks containing the off- 


gas units. 


Thermal Measurements and Power Controls 

All recording instruments and power controls are located in one 
building. An adjoining structure houses the devices for power regulation. 
Thermocouples for measuring and controlling temperature are located in the 
ground, the liner annulus, the furnace insulation, and inside the furnace. 


Continuous recording devices for 36 thermocouples are provided (Figure 5). 
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thermocouples are located in the heat barrier to control the 
surface temperature of the heating elements. There are six separate control 
zones in the heat barrier: two on the furnace bottom, three on the furnace 
sides, and one on the furnace cover. Each thermocouple on the heat barrier 
hes a correspondin srmocouple adjacent to it on the furnace liner (Figure 6), 
These paired nocoup are used to control the heater temperature. Figure 7 
is a diagrammatic sketch of the control system. When the paired thermocouples 
show a thermal gradient greater than allowable, a signal is sent to the power 
a correction is made in the power applied to the heat barrier. 
rocess continues until the thermocouples are again in balance. A complete 
control zones is made automatically every four minutes. 


Power measurement is provided by wattmeters on each control zone. 


In addition, an instrument for recording the total instantaneous power is 


provided. Flexibility in operation of the heat barrier is provided by bringing 


the leads from each heating element to the control panel where changes in heater 


units can be made by using wire jumpers and switches (Figure 8). 


METHOD OF OPERATION 


Prior to charging the mixer with waste, it will be necessary to 
check all components in the system for operational difficulties. When this 
has been completed three of the four concrete shield blocks will be put in 
place over the furnace and mixer, providing from 3 to 5 feet of biological 
shielding. Waste solution from a suitable carrier will be jetted to the mixer 
through a portable and temporarily shielded line connected to the valve shown 


in Figure 1. When the waste transfer has been completed this line will be 
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Fig. 8. Power Connections to Heat Barrier, Showing Jumper Connections. 
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has been com- 

after which the heating 
gradient is observed, the 

til the final fixation 

from the mixer will 


evacuated through the air- 


be performed at predetermined 


the material in the furnace 
After a period of time sufficient 
red product will be removed 
mixer will be removed 


* 


sinter with the aid of a core-drilling assembly. 


furnace assembly (inner cylinder and cover) will be removed 


transfer to the "hot" cell, where 


a number of experiments. A preliminary hazards study for the first high- 


(2) 


experiment has been made. 


(1) L. C. Emerson, W. J. Boegly, Jr., F. A. Gifford, and W. de Laguna 
iminary Report of the Hazards Associated with the Adiabatic Self-Sintering 
" unpublished report, 
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DISPOSAL OF HIGH-LEVEL WASTES BY FIXATION 
IN FUSED CERAMICS 


By 
Rolf Eliassen and Morton I. Goldman 


Professor of Sanitary Engineering and Research Assistant 
Massachusetts Institute of Technology 


The Atomic Energy Commission Research Project -- Contract No. 
AT(30-1)-621 -- at the Sedgwick Laboratories of Sanitary Science at M.I.T, 
has been directed toward the problem of the disposal of high-level wastes 
since 1956. These are the wastes which will originate in large quantities 
and with high concentrations of radioactivity from the operation of atomic 
power plants. Present methods of tank storage of fission product wastes 
from the reprocessing of irradiated reactor fuel elements will not suffice for 
the future when volumes of these high-level wastes will reach hundreds of 
millions of gallons. 

The research team at M.I.T. has directed its attack on a method for 
the concentration of these reactor fuel reprocessing wastes to reduce their 
volumes and convert them to solids. Archeological findings indicate that 
glasses are a very stable form of materials over the centuries. Since con- 
centrated fission products must be stored under controlled conditions for 
centuries it was deemed advisable to attempt to fix the fission products in 
glasses which could then be buried in permanent "cemeteries" under con- 
tinuous surveillance by monitoring systems. 

Two fundamental types of high-level radioactive wastes are currently 
being produced in the United States in the reactor fuel processing plants. 
Wastes of the first type contain the extracted fission products in essentially 
pure nitric acid; the second type contain high concentrations of aluminum 


salts. The research at M.I.T. is concerned with the second type and involve 


the conversion of acid aluminum nitrate fission product wastes to relatively 
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insoluble, high melting point glasses which can be atored safely in the ground. 
These glasses are vitreous ceramic systems which can serve as retention 
matrices for aluminum-bearing wastes. A similar approach is being em- 
ployed for reactor fuel reprocessing waste solutions containing zirconium 
and stainless steel which are used for cladding modern reactor fuel elements. 
The incorporation of these solutions in ceramic systems appears to offer a 
number of advantages: 1) aluminum oxide, a necessary constituent of many 
hard glasses, can be formed readily by thermal decomposition of the aluminum 
nitrate already present in the waste; 2) hard glasses are generally designed 
to resist chemical action and weathering; and, as mentioned previously, 
archeological evidence supports the claim for long-term stability of these 
materials. 

The general class of compositions selected for study are those loosely 
described as “porcelain glazes" (1). These are primarily members of the 
Ca0:Ai,0,:SiO0. 


a 2 2 
amounts of alkali metal or other alkaline earth oxides as fluxes. These 


system, modified in some cases by the addition of varying 


fusions are among the most refractory of all glazes, but possess properties 
which compensate for the somewhat greater expense and difficulty of forming 
them. They are highly insoluble in water and in most alkalies and acids, and 
are mechanically strong and hard. These properties, plus the ability to in- 
corporate small fractions of impurities without marked effect, recommend 
this class of compositions for the function of fixing a relatively small mass 
of fission products with a large mass of aluminum oxide in a very stable 
matrix. 

Glase can be defined as a supercooled liquid, a state which possesses 
the tangible characteristic of a solid, but which exhibits none of the dis- 
continuous changes characteristic of the transition from the liquid to the 


crystalline state. Materials used in the formation of glasses have been 
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classified chemically in three groups: 1) bases, including the aikalics and 
alkaline earths, as network modifiers; 2) intermediates, which include the 
amphoteric oxides of which alumina and ferric oxide are examples, and with 
which boric anhydride is usually grouped by ceramiciste; and 3) acids, the 
network formers represented by silica and zirconia. Each of these groups 
plays a significant role in the development of the properties of the final glass 
product. 

Silica is the predominating compound in almost all glasses because of 
its ability to combine with many other oxides to form an extensive variety of 
complex silicates. These silicates can be made to exist at normal tempera- 
tures as extremely viscous undercooled solutions. Increasing the silica 
content of a glass will generally raise the melting point, decrease the fluidity 
and increase the hardness and resistance of the glass to chemical attack. 
Although the alkalies are strong fluxes, increasing the fluidity of the melt, 
their use tends to lessen the resistance of the fused product to weathering 
and chemical attack. The alkaline earths are represented most frequently in 
glasses by calcium, whose presence is said to increase hardness, resistance 
to the solvent action of water and tensile strength. Increasing the alumina 
content of a glass increases its melting point, hardness and resistance to 
chemical attack. Boron is used in glass {among other reasons) to increase 
fusibility and fluidity and to hinder the crystallization of other compounds, 
thus inhibiting devitrification. 

Research on this project by Goldman (2), Servizi (3)(4), Flood (5), 
Tebbutt (6), Burns (7), Daniels (8) and Lauderdale (9) was directed toward 
determining the feasibility of incorporating aluminum-bearing fission product 
wastes into fused ceramic glazes of the general type - Al,O,:Ca0:Si0,:B,0 


2°3 2°23 
flux. The resultant fusions are in the broad classification of ''porcelain 


glazes". Various modifications of alkali metal or other alkaline earth oxides, 
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or fluxes, were investigated, with a view toward obtaining the lowest possible 
melting point and the greatest retention of fission products. Two series of 
glazes were prepared to investigate the effect of some composition para- 
meters on the degree of retention of fission products in the fused material. 
Cesium-137 was the tracer used in the initial studies. Other isotopes were 
used later. The first series of experiments developed the effects of lime 
and sodium tetraborate flux concentration; the second compared the effects 
of sodium tetraborate and boric anhydride on the stability of the glazes and 
the effect of increasing alumina concentration on retention characteristics 
and fusibility of the product. 

The products were prepared by mixing with the proper volume of syn- 
thetic waste (1.6 M Al{NO3) , +0.2M HNO, + fission product carriers + 
Cs-137 tracer), a slurry of the lime, borax or boric anhydride, and sand. 
The mixture was evaporated to dryness, and heating continued to drive off 
nitrates. The resulting white friable solid was broken up and powdered, 
and transferred to a Battersea fire clay crucible. This was preheated to 
about 800° C. to insure complete denitration, and then fired. After the 
glaze had matured for times ranging from about 3 to 24 hours, the melt was 


poured into a graphite slab, fractured and the pieces remelted in graphite 


molds for about 5 minutes to form single pellets. 
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The pellets weighed between 2 and 4 1/2 grams each, were fairly 
smooth and transparent with a slight greenish tint. Each pellet was weighed, 
the specific gravity determined, and the dimensions measured to estimate 
surface area, which ranged from about 5 to 8 cm? per peliet as calculated, 
Those pellets with sufficiently low activities (leas than about 200,000 counts 


per minute) were counted directly in a gamma scintillation well counter. Th: 


activity per gram of the more active pellets (up to about 6 x 10° counts per 


minute) was determined by measuring the activity of small portions of the 
unused melt. Any loss of cesium activity during firing was determined by 
comparing the measured activity per gram withthat calculated for each 
mixture from the initial waste activity. 

Since it is hoped that the concentrated fission products in ceramic 
glazes can be disposed of by burial on waste lands, it is necessary to evalu- 
ate the stability of the ceramic in the presence of ground waters and any other 
weathering conditions which might exist in nature. Therefure, an attempt wa 
made in the laboratory to simulate the natural conditions which would exist in 
the burial grounds. 

Methods used by various laboratories to determine the degree of re- 
tention of fission products in different solid media vary considerably. The 
reagents which have been used in leaching studies have included simulated 
sea water, warm water and dilute nitric acid. Preliminary work at this labo- 
ratory brought out two significant facts: 1) cesium was the fission product 
most readily leached from the glaze types under study; and, 2) erratic and 
statistically questionable results were obtained when the product was leached 
in distilled water at room temperature. A study was, therefore, initiated to 
determine the effect of temperature on the rate of leaching. The results shov 
that temperature has an exporential effect, with the leaching rate at boiling 


temperature between 100 and 1000 times greater than at room temperature. 
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Because of the increased sensitivity afforded by the higher temperature 
and the ease of maintaining the temperature constant, it was decided to carry 
out all of the leaching tests in boiling water. In addition, it was felt that test- 
ing under these conditions would be a closer approximation to actual field 
conditions, since it is reasonable to assume that any ground water coming 
into contact with stored ceramics will probably be at a high temperature due 
to the heat generated by fission product decay. To leach-test a glaze, each 
of five samples of one glaze composition is suspended by a 30 gauge Chromel 
wire in 100 ml. of boiling distilled water in a reflux apparatus. Fig. | shows 
a battery of leaching vessels. 

The results obtained in this study indicate the general effectiveness 
of this class of materials as matrices for fission product fixation. The range 


5 4 


of fractional leaching rates observed extended from about 10°” to 2'x 107” 


per cm*-week in distilled water at 100° C. A maximum volume reduction 


factor of about seven was obtained from the original 1.6 M aluminum nitrate 
waste solution. An increased alumina content hes a beneficial effect on the 
retention characteristics of the mixtures tested, although the effect is minimal 
above an alumina/lime ratio of about 0.6 mole/mole. An increased alumina 
content also raises the product melting point and appears to reduce losses 
of cesium by volatilization. The presence of sodium oxide in the mixtures 
tested increases the leaching rates by factors ranging from about two to ten. 
The fused product can be formed from the liquid aluminum-bearing waste, 
or from alumina currently being produced by calcination of these wastes. 
The storage of fused products will result in their absorption of high 
radiation doses from the contained fission products. An integrated heat 
generation was estimated on the basis of published data on heat production 
rates of irradiated fuel elements. This energy liberation was converted to 


tadiation absorbed dose (rad) for glazes, assuming a2 waste volume of 5 
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gallons per gram of U-235 fissioned and other glaze characteristics, (density, 
volume reduction factor}. The calculations indicate that if 120 days cooling 
prior to reprocessing is assumed, a dose of 108 rads would be absorbed by 
the fused product during the first year of storage, 10? rads after 50 years, 
and a value at 500 years of about 1.2 x 10? rads. Tebbutt (10) exposed samples 
of each glaze to the M.I. T. cobalt-60 gamma source for times sufficient to 
provide doses in the order of 107 and 10° roentgens. This was the maximum 
attainable range in reasonable exposure times with this source. The exposed 
pellets were markedly discolored by the irradiation, but no other physical 
effects were noted. These samples were subjected to the leaching test with 
an unirradiated control for each glaze. The data obtained to date indicate no 
significant differences in the leaching rates between controls and those pellets 
irradiated up to 108 z. 
Arrangements were then made to utilize a spent fuel storage facility 
at the National Reactor Teast Station to irradiate samples to doses of 10? ¥. 
Results of these tests led Tebbutt (10) to the following conclusions: (a) the 
approximate radiation dose received by an infinite block of glass containing 
the radioactive waste from the processing of U-235-Al fuel eloments irradiated 
for 85 days with 30 per cent burn-up would be i.3 x 10? rads; (b) gamma ir- 
radiation at levels up to and including 10? r has no detrimental effect on the 
fixative properties of the glasses tested. Im many cases significant reductions 
in the leaching rate of Cs! at were noted after irradiation; (c) no relation 
could be established between glass composition and the effect of irradiation 


on leaching; (d) the rate of removal of cet? 


from the glass was found to 
be directly related to the solubility of the glass, indicating that selective 

leaching of the cesium did not take place, and (e) cesium is volatile when 
mixed with glass constituents and fired at temperatures in the range 1400- 


1500° C. The loss of cesium appears to be reduced by the addition of a larger 
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amount of Al,0, but this is probably only a physical effect since increasing 
the Al,°, content leads to a higher viscosity at the firing temperature used, 
Daniels (8) studied the volatile loss of cesium during calcination and 
fusion at temperatures up to 1300° C. Preliminary studies showed that 
cesium losses ranged from 0 to 70 per cent of the initia! waste activity. Due 
to this wide range, an investigation was initiated to develop a method for a 
more quantitative dstermination of cesium volatilization during firing and the 


influence of such factors as glaze composition and firing conditions. Initial 


added as the tracer isotope. The nitrate form was chosen because of its 
probable presence in the fuel reprocessing waste. Following the satisfactory 
collection of volatilized cesium from CaNO,, several glaze compositions were 


investigated. The procedure for volatility measurement consisted of: 1) 


> 
experimentation was performed on the pure compound CsNO, with Cs-137 
’ 


placing a weighed and counted sample of CsNO, or glaze mix in a tared nickel 
combustion boat in the center of a combustion tube furmace; 2) passing a 
stream of air or pre-purified nitrogen through the tube to sweep the volatile 
decomposition products past a cold finger and through a sorption train; 3) 
changing the stainless stecl cold fingers and off-gas lines and replacing the 


in contact with the gas stream with 1N HCl followed by distilied water; and 
5) evaporating and counting the leachate in a Geiger-Mueller counter. Total 
volatile losses due to firing were determined by counting the sample in the 
combustion boat before and after the run in a low geometry position on top of 
a gamma scintillation well counter. 

As a result of this investigation a method was developed for the de- 


termination of cesium losses during the pyrolysis of CaNO, and from ceramic 


3 
glazes using a high efficiency stainless steel cold finger to collect the volatilized 
activity. The following information was derived from this study: (2) volatiliza- 


tion of cesium from CsNO, begins in the molten state above 450° C. The 


Millipore filters during the run; 4) leaching the cold fingers and all surfaces 
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largest fraction of cesium is evolved below 650° C. and volatilization is 
completed by 900° C.; (b) the maximum evolution of cesium from glaze 
mixes occurs at 1000° C. as compared to 650° C. for CsNO,, and(c) re- 
tention of cesium increases with increasing alumina concentration, in the 
alumina, lime, sand and boric anhydride mixtures fired to 1000° C. in this 
investigation. 

Rutheniurn is one of the problem elements among fission products. 
Very little is known about the chemical characteristics of this element, the 

have mass numbers 

isotopes of which A between 10! and 108, From the radiological health 
standpoint, ruthenium-103, with a half-life of forty days, and ruthenium- 
106, with a half-life of one year, are the significant radioisotopes. Diffi- 
culties with ruthenium occur from the first stage in the fuel reprocessing 
operation and continue throughout each step into the waste treatment stage. 
Since it volatilizes readily, it would be advisable to 
remove ruthenium from the liquid radioactive wasteg before fusion into a 
ceramic glaze. The studies of Lauderdale (9) were particularly concerned 
with the factors affecting the removai of Ru (II) and RuNO (III) from liquid 
radioactive wastes by contacting the solution with metallic iron, and with 
the mechanisms by which the removal of ruthenium is accomplished. The 
environmental factors considered include pH, the concentration of various 
ions normally found in dilute and high level wastes, and the concentration 
of the radioactive ruthenium. Kk was found that trivalent ruthenium can be 
effectively removed from liquids using metallic iron through the mechanism 
of electrochemicai reduction. Nitrosyl ruthenium {I} can be removed either 
by electrochemical reduction or, in some cases, through mutual coagulation 
of colloidal ruthenium and ferrous iron. Calcium, chlorids, and sodium ions 
appeared to havs no effect on the removal of ruthenium, Nitrate ion was 


found to interfere under conditions in which it acts as an oxidant, and alurninum 
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ion interfered under the conditions in which it precipitated as the hydroxide. 

Concentration of other radioisotopes, particularly strontium-89, 
yttrium-91, cesiurn-137 and cerium-144 was attempted from the concentrated 
fission products in a dibasic aluminum nitrate solution. Work was not done 
on the fission products themselves, but rather on a simulated waste as previ- 
ously described. This waste permitted valid conclusions to be obtained in a 
research laboratory designed for tracer studies. 


Using montmorillonite clay as an exchange medium, work was con- 





ducted by Egan (10) with batch and continuous processes. The fill-and-draw 
process consisted of mixing different amounts of wastes and clays for various 
times and determining the reduction in activity in the supernatant. The 
continuous flow process consisted of passing the dibasic alurninum waste 
through a clay-sand mixture and determining the reduction in activity in the ( 


effluent. Standard type G-M beta counters were used in determining the 


activity and removal of activity through use of this process. The results show 
that for the conditions urder which the tests were run, strontium is the least 
removable radioisotope, while cesium is adsorbed quite readily on the clay. 
Cerium and yttrium are adsorbed to a lesser degree than cesium but more 
so than strontium. in addition, the batch type process showed sufficiently 
better removais than the continuous flow process which might indicate that 
this method would be the most feasible echeme of treatment. It was apparent 
from this work that it would be more desirable to direct the activities of the 
research personne! to studies on the fixation of fission products in ceramic 7 
media. 

Burns (7) investigated the feasibility of incorporating an aluminum- 
zirconium bearing weete into a ceramic solid of glaze-type composition. 
The giazes were formed into small test pellets of the general composition - 2 


Al,©,:0a0:Si0,:B,0, tegether with varying amounts of zircony! nitrate (up 
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ro 0.62 moles per rote of alumina). To determine the amount of activity 
leached frem the cesium- 137 tagged test pellets, a weekly analysis of the 
leaching waterwas made. The leachate was evaporated and its contents 
counted on a Geiger-Mueller counter to determine the removed activity. 

In this manner caiculations could be made to determine the retention proper- 
ties of the varicus glazes. Results from these tests indicate that it is 
definitely feasible to incorporate a zirconium-aluminum bearing waste into 
aceramic body. In addition to this it was noted that as the zirconium content 
increased a better retention of the cesium tracer was evident. 

Work oa this project, together with the extensive literature surveys 
on wastes disposal, has ied to a portion of atextbook. Eliassen and Lauderdale 
(11) have written the chapter entitled "Liquid end Selid Waste Disposal" in the 
forthcoming book edited by Biats and titled "Handbook of Radiation Hygiene". 
This chapter presents some of the research findings in a manner useful to 
designing engineers and operators of nuclear facilities. 

Cn the bacie of this extensive series of etudies on the fixation of fission 
products in ceramic media, Eliassen (12) published the following summary of 
the situation to date: '‘i‘he industry is faced with the prospect of disposing of 
about one ton of fission prceducts per day by 1980. Even after a year of storage 
for the decay of relatively short-lived products, the total activity of these 
fission products will exceed 100 billion curies/yr. Of course, fusion power 
may develop sufficiently to radically reduce the waste. Nchody would drsam 
of trying to dispose of this quantity cf wastes to natural water courses where 
the tolerance vaiue for mixed radioisotopes is 10° 4 c/ml., or 420 c. per 
cubic mile of water. Almost equally absurd would be storage for this amount 
of radioactivity as the accumulated solutions of high-level processing wastes 


would exceed 200-million gallons by 1980. 


At M.I.T. we have found that the retention of fission products in ceramic 
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glazes shows real promise. Ceramic glazes and glassy materials have 
demonstrated exceptional stability over centuries of attack by water and 
weather. It is feasible to incorporate aluminum-bearing fission-preduct 
wastes into ceramic glazes, thus getting rid of the tremendous quantities 

of alumirum nitrate resulting from the chemicai processing, as well as 
fiseion products in one operation. The systems that have shown the graatest 
promise to date are (1) Ca0-Al,0,-B,0,-Si0, and (2) Na,0-Ca0-Al,0,- 
B,0,-SiO,. Much more work remains to be done, not only on aluminum, 





’ 
but also on zirconium and other metals that may be alloyed with reactor : 
fuel material and that will be present in the wastes from fuel-processing 

plants. The important point is that work is being pursued actively by many 
research and operating organizations and that progress to date has been most 
promising. Advancing technology in the processing of wastes containing f 


fission products will most assuredly keep abreast of, and probably forge 


ahead of, the prophesied rate of growth of nuclear power plants." 
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1.1 


1.2 


\THE DISPOSAL OF FISSION PRODUCTS IN GLASS*® 


\L.C. Watson, R.W. Durham, W.E. Erlebach and H.K. Rae 


INTRODUCTION 


With increasing use of nuclear reactors for power production, it will 
be necessary to devise safe and economical methods for disposing of fission 
products. While storage of intensely radioactive solutions in underground 
tanks as presently practiced is reasonably safe barring catastrophic failure of 
the tank, a method by which the fission products could be stored as a solid from 


which they could net escape would be much superior. The general requirements 
of a suitable solid are: 


(a) Resistance to removal of fission products by water 


(b) Low cost for conversion of liquid to solid by a simple 
process 


(c) Easy and cheap storage with minimum future control 


(d) Resistance to damage by radiation, or by chemical 
changes associated with the decaying nuclides. 


Studies in these laboratories indicate that glass can meet these require- 
ments satisfactorily. Confirmation can however be obtained only by operation 
of a large-scale processing and storage system. 


Canadian proposals for power reactors are based on the use of 
unenriched, unalloyed fuel irzadjated to a high burnup, and at present the fuel 
which is considered most suitable is uranium dioxide sheathed in Zircaloy-I. 
It is with a fuel of this nature in mind that the disposal system for fission 
products is being developed. It is assumed that the fission products would 


appear in a waste solution from a plant extracting plutonium and recovering 
uranium. 





* Contribution from Atomic Energy of Canada Limited, Chalk River, Ontario 
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The power reactor fuel and the waste solution derived from it are 


described in Table I. 


Table I 


Characteristics of Power Reactor Fuel and Waste Solutions 


Fuel, 

Sheathing Material 
Burnup 
Irradiation time 


Desheathing 


Fuel processing 
Waste solution 
volume (after 


evaporation) 


Waste concentration 


Heat production 


due to fission products <- 


natural uranium dioxide 
Sirententt 

10,000 MWD/tonne 
1,000 days 


mechanical, or chemical if sheathing 
material is kept separate 


by a process using tri-butyl phosphate (1) 


0. 25 litre/kg of uranium processed 


8 Molar HNO, 

35 g of fission products/litre 

10 g of corrosion products/litre 

5 xX 103 curies/litre after 180 days out of 


the reactor 


15 watts/litre at 180 days. 


This waste solution is considered most desirable as feed to the glass conversion 
process since it contains a minimum of inactive elements. However, wastes 
containing sheathing materials (e.g., Al or Zr) in solution can also be treated, 
although with consequent increases in the volume of glass per gram of 


fission products. 
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SELECTION OF GLASS 


Any raw material used for production of the glass must be reasonably 
uniform chemically, so that the properties of the product can be predicted and 
relied upon. Such uniformity can, of course, be obtained by mixing suitable 
chemical compounds. However, nepheline syenite, a material commonly used 
in the glass and pottery industry is mined from an unusually uniform deposit 
in Ontario and is available cheaply as a finely ground powder. A typical 
analysis (2) of this material follows: 


SiO> 60. 24 per cent CaO 0.15 per cent 
Al2,0, 24.05 Fe,0, 0. 06 
Na,O 10,03 MgO 0.02 
K,0 5.01 TiO, 0.002 
Loss on ignition 0.046 per cent 


Nepheline syenite melts at about 1250°C and on cooling forms a glass. 


The viscosity of the unfluxed melt at 1350°C_ is high and as a result this glass 
is bubbly, exposing more surface than is desirable. Furthermore, it will 

not readily incorporate certain elements which may be expected in fission- 
product solutions. The addition of a flux circumvents both these difficulties 


and calcium hydroxide, which is inexpensive, has been found to be satisfactory. 


When the acid solution is mixed with nepheline syenite, the nepheline 
is attacked and produces a gel of silica. This has proved to be advantageous 
since such a gelled mix may be dried rapidly without serious entrainment of 
particulate material during the removal of water, nitric acid, oxides of 
nitrogen and other volatile components. If the nepheline syenite and calcium 
hydroxide are blended as powders prior to mixing with the acid solution, the 
gel forms regardless of calcium hydroxide content up to the equivalent of 
35 weight per cent oxide in the glass. If the calcium hydroxide used is in 


excess of that required to neutralize the acid the time required for gelling is 
extended. 


These properties combined with the high resistance of the glass to 
attack by water led to the choice of nepheline syenite fluxed with calcium oxide 
as a glass meeting the requirements for disposal of fission products. 
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THE RELEASE OF FISSION PRODUCTS BY THE ACTION OF WATER 


The effectiveness of a disposal medium for retaining fission products 
is dependent on the resistance of the medium to the corrosive action of water. 
In general, the addition of alumina to glass increases its melting temperature 
and decreases its solubility. The constitution of nepheline syenite is such that 
if lime is added as flux the glass formed approximates a lime glass to which 
alumina has been added. Glass of this composition should have, and in fact 
is found to have, a high resistance to attack by water. 


The mechanism of the solution of glass in water is complex. The 
glass does not dissolve per se but the more solublz elements are leached out 
leaving a surface film of hydrated silica. However, it is convenient to conside? 
that the surface of the glass is uniformly attacked despite these differential 
effects. Thus, the measurement of the quantity of a radioactive nuclide 
leached into water from a glass specimen is most useful when converted to 
the equivalent glass corrosion rate expressed as grams of glass dissolved per 
cm’ per day. Any sorption effects are neglected. 


Glass samples for leaching tests were prepared by three methods. 
In Method I, Cs-137 in nitric acid solution was added to the mixture of nepheline 
syenite and flux in a recrystallized alumina dish. The mix was heated to 1350°C - 
and kept at this temperature for one hour. After cooling, the dish contained ; 
about 100 mc of Cs~137 in 4 g of glass with a nominal surface area of 16 cm’. 
Since the glass could not be removed from the dish, the resulting test specimen 
consisted of dish plus glass. Method II involved neutron irradiation of a cast 
pellet of glass which contained one per cent by weight of the inactive parent 
element. Small fibres of the glass were irradiated in the same irradiation 
container for the determination of specific activity. Glass samples prepared 
by Method III were mixed and melted as in Method I, but were cast into pellets 
after melting. 


The dissolution rates o1 several glasses were measured by immersing 
a sample of each in a known volume of distilled water contained in a polyethylene 
bag, allowing it to stand for a day and then sampling the water for counting (3). 
After sampling, the leach water and bag were discarded and the glass sample 
was placed with fresh water in a new bag. The dissolution rate in g/cm*/day 
equivalent to the activity found in the water was calculated from a knowledge of 
the approximate surface area exposed and the specific activity of the glass. 


When any sample of active glass was tested by the above technique, 
the activity leached per day dropped sharply over the first few days, followed 
by a gradual decrease over the period of the tests. In Table Il are listed the 
dissolution rates of various glasses. These rates were measured after several 
months of testing, that is, at a time when the leachirg rate was changing very 
slowly. The results plotted in Figure 1. were obtained over a period of six 
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3.6 


3.7 


months from one sample in Experiment A (Table II). 
Table II 


Dissolution Rates of Glasses in Distilled Water at 25°C 


Experi- Glass Come Method of Tracer Dissolution 
ment position by Sample nuclide Rate 
weight Preparation g/cm?/day 
A 15% CaO; 85% N.S. §) I Cs-137 5x 1078 
B 35% CaO; 65% N.S. 1 Cs-137 «5x 107? 
c 20% CaO; 20% BaO; I Cs-137 5x 107? 
60% N.S. 
D 20% CaO; 20% BaO; II Cs-134 5x 1078 
60% N.S. 
E 20% CaO; 20% BaO; I Eu-152. 1x 1078 
60% N.S. 
F 65% PbO; 10% B0,; WI Cs-137. 1x i07> 
25% SiOz 
G 55% PbO; 15% B03; =e Ce-137 5x 106 
25% SiO,; 
5% compounds of Al, 
Na, K, F 


(An. s. = nepheline syenite 


The distilled water used in these experiments was made in an 
aluminum still and stored in a polyethylene rather than a glass container to 
avoid contamination. One of the samples in Experiment A, however, was 
leached in ground water (pH 8.2) but the dissolution rate was found to be 
identical with that of a similar sample in distilled water (pH 6. 8) 


A comparison of Experiments C and D shows that the dissolution 
rate was an order of magnitude higher when the glass was prepared by Method I 
rather than by Method Il. This anomaly would occur if tracer Cs-137 
concentrated in the surface of the glass during processing. However, no 
macroscopic variation in the specific activity of the glasss was foynd by breaking 
up the glass and counting samples from the surface and the interior. 
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The high dissolution rates observed for the lead borosilicate glazes, 
Experiments F and G, make them decidedly inferior to the nepheline syenite 
glass for waste-disposal purposes, despite the advantages of their low 
melting points. 


The results of Experiments D and E show that the leaching rate of 
the trivalent europium was five times less than that of the monovalent cesium. 
It would appear therefore that europium is either less easily separated from 
the glass or that, once in solution, it is more readily sorbed by the silica 
film formed oh the surface of the glass. 


When glass samples were left in water for five to six weeks without 
being disturbed, the average daily dissolution rates were found to be about 
three times higher than those measured at daily intervals. (Figure 1). When the 
water was again changed daily the dissolution rates dropped back rapidly to the 
previous low value. These results suggest that accumulation of alkali in the 
leach water may increase the leaching rate 


10 GLASS COMPOSITION BY WEIGHT 85% NEPHELINE SYENITE, IS% CeO 
LEACHING MEDIUM - DISTILLED WATER | 
NUCLIDE USED - Cs"” 


AVERAGE anil | 
OVER 5 WEEKS | 
res LEACHING 


GLASS DISSOLUTION RATE GM/CM? DAY 


120 
TIME IN DAYS 





Figure 1. Variation of Glass Dissolution Rate With Time 
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Present results indicate that a glass composed of 15 per cent CaO 
and 85 per cent nepheline syenite offers the best compromise between high 
resistance to attack by water, which requires low flux concentrations, and 
low melt viscosity, which requires high flux concentrations. This glass, 
although relatively viscous at 1350°C , readily incorporates five weight per 


cent of metal ions, and, as can be seen from Table II, has a very low 
dissolution rate. 


VOLATILIZATION OF RUTHENIUM AND CESIUM 


A troublesome feature of the incorporation of fission products in 
glass is the volatilization of two abundant fission products, cesium and 
ruthenium. Both these elements have forms which are volatile over a 
substantial fraction of the temperature range through which the mixes of 
fission products, nitric acid and glass-forming materials must be heated 
The development work on this aspect of the nepheline syenite process has had 
a threefold purpose: to determine a mechanism by which the volatile form of 
the element is produced; to modify the process so that little of the volatile 


material is formed; and to devise means of trapping efficiently the radioactive 
elements evolved from the mixes. 


The mechanism for the volatilization of ruthenium appears to depend 
on the acidity of the mix and on the temperatures to which the mix is heated (4). 
The losses observed during a number of experiments can be conveniently class- 
ified into those occurring above or below 900°C and those occurring from 
acid or basic mixes. Basic mixes result from the addition of calcium 
hydroxide in excess of that required to neutralize the acid present. 


The ruthenium in solution is present largely as nitrato complexes of 
nitrosyl ruthenium with one, two or three nitrato groups associated with each 
ruthenium nitrosyl group(5). When an acid mix is heated the nitric acid 
concentration increases and the complexes terd to become completely nitrated. 
Further heating leads to oxidation and decomposition of these complexes to 
form the volatile ruthenium tetroxide. If the initial acid concentration is high 
enough nearly all the ruthenium can be removed from a mix heated to 400°C. 
When the initial acid concentration is decreased to less than 0.5N,the extent of 
nitrato complexing is reduced,and the retention of ruthenium in mixes heated 
to 900°C is sharply increased. Moreover, by adding sufficient basic flux to 
the nepheline syenite one can prepare an alkaline mix which retains over 99 
per cent of the ruthenium. It is thought that nitrosyl nitrato complexes in 


such a mix are hydrolyzed to a nitrosyl hydroxide of ruthenium which decomposes 
to the non-volatile ruthenium dioxide. 





At temperatures above 900°C a different mechanism is responsible 
for the volatilization of ruthenium. Evidence indicates that this is the air 


oxidation of ruthenium dioxide to the volatile tetroxide. The advantages of 
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preparing a basic mix to retain ruthenium are entirely lost when the mix is 
heated from 900°C to 1250°C. Upto 70 per cent of the ruthenium present 
after denitration can be removed from a mix in this temperature range. The 
fact that this loss can be reduced to 13 per cent by firing the mix in an 
atmosphere of carbon dioxide supports the hypothesis that air oxidation is 
responsible for the ruthenium volatilization. 


Although the examination of cesium losses from mixes is still in a 
preliminary stage, cesium loss appears to be independent of the acidity of the 
mix. Volatilization commences between 400 and 500°C near the indicated 
decomposition temperature of cesium nitrate. The cesium oxides produced 
during denitration are unstable and probably dissociate immediately to produce 
cesium. A decrease in the rate of cesium loss at temperatures in the vicinity 
of 900°C indicates that the rate of a second reaction between cesium and a 
constituent of the mix becomes greater than the rate of diffusion of cesium from 
the mixyand that the product 6f this second reaction is thermally stable. A 
large variation in measured cesium losses indicates that the rates of these 
opposing processes, diffusion or oxidation, are probably sensitive to small 
changes in such variables as mix temperature, porosity, and geometry. Under 
different conditions of mix preparation and heating rates cesium losses as low 
as one per cent and as high as 30 per cent have been measured. 


Some progress has been made in the development of a method for 
collecting the ruthenium volatilized from a mix. A stainless-steel surface 
placed in the gases evolved from a heated basic mix collected over 98 per cent 
of the volatilized ruthenium. Under comparable heating conditions such a trap 
removed only half of the ruthenium evolved from an acid mix. The deposit 
showed no tendency to revolatilize-when the steel was heated to a maximum 
temperature of 1000°C. Considerable-improvement in the collection of 
ruthenium from acid mixes was obtained when the gases were passed through a 
heated bed of firebrick | granules coated with oxides of iron. Collecting 
efficiencies of more than 98 per cent have been obtained with a 10 cm bed at a 
temperature of 800°C, and a total gas-flow rate of 30 cm/sec. Furthermore, 
no significant loss of ruthenium from the coated granules occurred at tempera- 
tures up to 1350°C. 


The retention of ruthenium at high temperatures on coated firebrick 
and on stainless steel can be directly attributed to the presence of the oxides of 
iron. This has been shown in two ways: first, the volatile ruthenium deposited 
on a platinum or a vitreous-silica surface from a denitrating or denitrated mix 
can be revolatilized by heating in air at 500°C; second, uncoated firebrick 
retains a negligible amount of ruthenium. 


Under the investigated conditions of drying, denitrating and fusing 
mixes in airjthe overall losses of fission-product ruthenium and cesium by 
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volatilization are not significantly different for acid or alkaline mixes. Under 

these circumstances the calcium oxide content of the glass should be primarily 5. 
regulated to produce a leach-resistant glass. There is, however, room for 
optimism in the development of a method for reducing this volatilization. It 

should not be difficult to eliminate the air oxidation of ruthenium at high 

temperature by firing the mix ina suitable atmosphere. Furthermore, by 

reducing the rate of diffusion of cesium from the mix and increasing the rate 

of formation of a thermally stable form, some improvement in the cesium 

retention can be foreseen. 










5. 
PROCESS FOR INCORPORATING FISSION PRODUCTS INTO 
GLASS 
A flowsheet by which fission products may be incorporated into glass 
blocks is presented in Figure 2. 
5. 
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Figure 2 Incorporation of Figsion Froducts into Glass 


A mixture of calcium hydroxide and nepheline syenite is pelletized by tumbling 
with 10 weight per cent water. Pellets between 0.83 and 3}. 3 mm are 

selected by screening; fines and oversize pellets are rejected Four hundred 
grams of pellets followed by 400 ml of solution are loaded alternately into the 
melting crucible until it is full. The capacity of the crucible is 4.5 litres but 
it will contain only 2.2 litres of solution mixed in this way This technique 


avoids a mechanical mixing operation. A mix made with 8N acid solution and 
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pellets containing 15 weight per cent lime gels in less than 10 minutes. If the 
lime is increased to 30 weight per cent, gelling takes several hours. 


The melting operation is straightforward and may be done in any 
high-temperature (1350°C) furnace from which the off-gases can be directed 
to appropriate scrubbers. Refractories must be selected with due regard to 
their reactivity toward the volatilized Ru and Cs. To remove volatilized Ru 
and Cs from the gas streams a scrubber charged with iron oxide supported 
on granular firebrick. and operated at 400 to 800°C is provided. The off- 


gases then pass to appropriate equipment for recovery of the acid which is 
further treated ae a low-level waste. 


Equipment has been constructed to incorporate several thousand 
curies of aged fission products into glass according to this flowsheet. The 
solutions which are currently available at Chalk River contain 25 to 50 curies 
of mixed fission products per litre, and the operation is batchwise on the 


scale of about 100 curies. Figure 3 is a photograph of a high-temperature 
furnace used in this work. 


The primary purpose of this program is to provide a moderately 
large source of fission products in glass with which data obtained in the 
laboratory, particularly with respect to stability to water, may be confirmed. 
Specifically, an attempt will be made to assess the possibility that such glass 
may be buried safely in the ground in selected areas. Other aims of the work 
are to assess the general operating features of the process, particularly the 
firing operation and the gas-cleaning equipment, in order to assemble data 
applicable to the design and operation of a large-scale plant. 


PERMANENT STORAGE OF GLASS CONTAINING FISSION PRODUCTS 


The principal reason for converting to a solid the bulk of the fission 
products resulting from the processing of irradiated nuclear fuels is to 
circumvent the hazards associated with their storage in a liquid form. Selection 
of a method for permanent storage of this solid requires a careful study of all 
the factors involved. The following discussion applies in detail to the storage of 
nepheline syenite glass containing fission product*. but in ceneral to the storage 
of any alternative solid material, 


6.0.2 The four major considerations in choosing a method and site of 


permanent storage are: 


(a) assurance against dispersal of activity 


(b) therrnal effects due to heat generated by fission-product decay 


(c) physical size requirements and availability of site, and 
(d) costs. 
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Figure 3. High-Temperature Furnace for Incorporation of 
Fission Products into Glass 





In a recent report by Watson-et al (6) these factors were assessed and a 
number of possible storage methods were compared. A reactor capacity of 
4000 MW thermal, which is expected to be reached in Canada by about 1973 (7) 
was selected as the basis for calculations and discussion. 


6.1 Dispersal of Activity by Leaching 


6.1.1 It has been shown earlier that the rate of leaching of activity from 
nepheline syenite glass by immersion in water is very low; a conservative 
figure corresponds to the dissolution of 3 x 107? g of glass per cm’ per day. 
It is assumed that this apparent dissolution rate applies to the leaching of all 
nuclides. The case of a waste-disposal program for a series of reactors 
having a total capacity of 4000 thermal megawatts has been specifically 
considered. If the fission products qramese by these reactors were incorp- 
orated into glass leaching at 3 x 10-/ g/cm*/day, the cumulative figures for 
radionuclides leached from the glass would be as set out in Table III. 


Table OI 


Cumulative Leached Activity from Nepheline Syenite Glass 
Containing Fission Products Produced Continuously 
at a Constant Rate 


(a) (b) 

Nuclide Cumulative Leached Material 
Curies 

l year 5 years 25 years 
sr?° 15.2 380 6460 
Ru! 30.5 399 400 
ad 22.6 566 9670 
ce!* 73.3 537 540 


(a) 
daughter activities are not included 


method of calculation is outlined in 
Appendix A 


— ————___ 
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The fission products are assumed to result from the irradiation of natural 
uranium to 10,000 MWD per tonne in 1000 days and to be incorporated into 
the glass 120 days after removal from the reactor; the glass is assumed to 
have a surface to volume ratio of 0.2 cm*/cm®. For comparison with the 
figures shown in this Table, the ay of Sr-90 present in the glass in the 
storage area after five years is 13 x 10° ciries. 


Despite the excellent resistance to leaching exhibited by the glass, 
the activities set free by continuous leaching as shown in Table III are large 
considering the relatively small capacity of the series of reactors assumed. 
The values of the parameters used in this example represent a practical 
case, and although longer cooling times prior to storage could be assumed, 
they would not reduce significantly the cumulative quantity of activity 
released by leaching. 


If the production of the glass is stopped after a period of ten years, 
the cumulative quantity of Sr-90 and Cs-137 leached from the glass will each 
remain in excess of 1000 curies for the conditions in Table III for a period of 
more than 100 years. 


For the case of ground water contacting the glass, estimates have 
been made (6) of the maximum leaching rate that may be allowed if the 
concentration of Sr-90 is not to exceed 8 x 10-!0 curies per litre, i.e. the 
maximum permissible concentration for drinking water (8). Using a flow rate 
for ground water of one volume of water per volume of glass per day, a 
specific surface area of 0.2 cm* per cm’, and a Sr-90 concentration in the 
glass of 6 x 10-4 g per g, the maximum allowable leaching rate was calculated 
as 5x 10-!! ¢ of glass per cm’ per day. This is lower by a factor of about 
1000 than that measured in the laboratory. 


These considerations indicate that the glass should be stored in a dry 
location and in such a way as to prevent any accidental contact with water. 
However, complete water exclusion over a storage time of several hundred 
years cannot be guaranteed; thus the low rate of leaching from nepheline 
syenite glass remains a desirable characteristic. 


An alternative approach is the development of a suitable coating or 
glaze to reduce the leaching rate by a large factor, along with a storage 
method in which the glass is normally dry but where no great effort is made 
to exclude water at all times. 


Thermal Effects Due to Heat Generation 


The total quantity of heat generated in the storage area by radioactive 
decay of the fission products can be quite large. When wastes are being 
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accumulated at a constant rate from reactors having a total capacity of 4000 
thermal megawatts (Table III), the heat-generation rate is estimated to be 
1000 kW after ten years and ultimately 2300 kW at steady state. The fission 
products are assumed to be incorporated into the glass 120 days after removal 
from the reactor; increasing this cooling time would result in only a small 
Jecrease in the heat-generation rate at the end of several years of operation 


If the glass is stored in vault-like structures it will probably be 
necessary to limit the wall temperature to relatively low values and air 
cooling by either forced draught or natural convection will be required. If 
the glass is buried in the ground, high temperatures may be permissible and 
cooling by conduction to the ground surface will be adequate. 


Table IV 


Temperature of Nepheline Syenite Glass Containing Fission Products Buried 





in Dry Sand 
Glass shape - 15 cm diameter sphere 
f Depth of burial - 300 cm 
Conductivity of sand « 3:33 1073 joules/sec/°C/cm 
Conductivity of glass - 13 x1073 joules/sec/°C/cm 
Ground surface temperature - 25°C 
Specific heat-generation rate - 35 watts/litre (a) 
in glass 
, Temperature of Temperature of 
Method of Estimation Glass Surface __Glass Centre 
ed (1) As a single isolated sphere (no 
interaction with other spheres) 200°C 250°C 
} (2) As an infinite horizontal cylinder of 
ry diameter 12.5 cm, equivalent to a 
single row of spheres buried in a trench 960°C 990°C 
(3) As an infinite horizontal slab of thickness 
0.3 cm, equivalent to a regular lattice 
of spheres each with 0.6 m? of ground 
surface 970°C 970°C 
(a) Glass made from waste solution 
of the type described in Table I, 
180 days after removal from the 
i reactor 
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The specific heat-generation rate in the glass at the time it is 
produced will be in the range of 3 to 70 watts per litre depending on the age of 
the fission products and the type of fuel being processed. Estimates have been 
made (6) of the temperatures which would be reached in glass of various shapes. 
buried in the ground. An example is given in Table IV where it is shown that, 
to avoid excessive temperatures, the glass must be buried as relatively small 
blocks and so arranged as to restrict thermal interaction. This results in 
large areas of ground being required initially for burial, although more glass 
can be added to a burial site as the older material decays so that reasonably 
efficient utilization of area can be obtained over a long period. 


If the glass is immersed in a large body of water its surface temp- 
erature will always be relatively low and, even at high specific rates of heat 
generation excessive centre temperatures will not be reached unless the 
diameter of the glass block approaches one metre. 


Physical Size Requirements 


If the wastes from reactors having a total capacity of 4000 thermal 
megawatts are stored as nepheline syenite glass, the rate of production will 
be in the range from 50 to 700 litres of glass per day depending on the types 
of fuel being used and the details of the chemical processes involved. Allowing 
suitable utilization factors, the annual storage volume will vary from 40 to 
1300 m®. For burial in the ground the area required annually will be of the 
order of 104 m?* with some re-use in the future possible. 


Comparison of Storage Methods 


The methods of storing nepheline syenite glass which have been 
considered (6) are listed in Table V. The most promising methods are those 
in which dry ground conditions prevail, namely, burial in dry ground, storage 
in specially constructed caverns, and storage in concrete vaults. Ifthe 


burial site is not in an arid region water may be excluded by capping with 
asphalt. 


It is not possible at present to choose a storage method which shows 
an over-all advantage in terms of economics and safety. Some of the problems 
requiring further study in the case of burial in dry ground or storage in rock 
caverns are mentioned in Table V. 


ESTIMATED COSTS 


Cost of Producing Glass Containing Fission Products 


Rae and Hollies (9) have made a preliminary cost estimate for the 
nepheline syenite process based on a simple flowsheet in which the concentrated 
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waste solution is mixed with nepheline syenite in small crucibles (4.5 litres 
total capacity) which are heated through the stages of drying, denitration, 
fusion and annealing in a continuously-operating rotating-hearth furnace. 
These crucibles are then transferred to a suitable storage area. Each one 
yriginally contains 2.2 litres of solution which is transformed to 2. 3 kg of 
glass The operations are carried out in a large concrete cell provided 


with windows, a crane and heavy-duty manipulators. Frovision is made for 
remote maintenance and 30 per cent excess capacity is assumed to allow 
adequate maintenance time for the two furnaces. 


Table VI 


Estimated Cost of Froducing Nepheline Syenite Glass 
Containing Fission Products 
Flant Capacity - 850 litres of concentrated fission-product 
solution per day 
Capital Cost - $1, 000, 000 (a) 
Operating Time - 330 days per year 


Dollars per year Dollars per litre 





Capital charges 200, 000 
Labour (2 men per shift) 34, 000 
Overheads 157, 000 
Maintenance 50, 000 
Raw Materials (except crucibles) 20, 000 
Total A 461,000 io 
Crucibles (390 per day) 232,000 
Total B 693, 000 2.5 


Case A assumes that the crucibles can be re-used a number of times. 


In Case B the glass is stored in the crucibles. At present it is not 


possible to separate the glass from the crucible without destroying the 
latter. 


(a) This includes all equipment, building, cell, ventilation, etc. but 


assumes construction at a site which is already developed with 
adequate services available. 
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A plant capacity of 850 litres of concentrated waste solution per day 
was studied. The evaporation of the wastes to a minimum volume was assumed 
to be carried out in the chemical processing plant(1), and the cost was not 
included in this estimate. 


The estimated cost for producing glass containing fission products 
was 1.6 to 2.5 dollars per litre of solution as shown in Table VI. 


For the type of fuel described in Table I, the above cost will 
contribute only about 0.01 mills per kWh to the cost of power. This 
contribution will be larger with solutions containing lower concentrations of 
fission products, but it is unlikely to exceed 0.05 mills per kWh. 


Storage Costs 


Some approximate calculations have been made(6) to indicate the 
order of magnitude of storage costs. The construction of a concrete storage 
vault of 1400 m® capacity was estimated to cost 17 cents per litre. The glass, 
when stored in its crucible, might occupy 20 per cent of the total volume so 
that the storage cost would be about one dollar per litre of glass. It is 
expected that the construction of rock caverns should be cheaper than buried 
concrete vaults.. The cost of burial in the ground depends on the rate of heat 
generation in the glass and on the allowable temperature. For the glass 
considered in Table IV buried in trenches the cost of excavation and backfill 
was estimated to be 13 cents per litre of glass. No attempt has been made to 
estimate handling costs, routine monitoring and inspection costs, or other 
possible operating charges. 


For an irradiation of 10,000 MWD per tonne witn processing to yield 
0.12 litres of glass per kilogram of uranium, a storage cost of five dollars 
per litre of glass would contribute about 0.01 mills per kWh to the cost of 
power. Considering the estimates given above, the cost of permanent 
storage is not likely to exceed 0.01 mills per kWh. 
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APPENDIX A 


The following method was used in calculating the cumulative 
quantities of leached fission products appearing in Table II. 


Syne? ls G+ XB * 


p 


where c is the cumulative amount of any nuclide in curies leached from the 
glass after T days of continuous production. 


S is the leaching rate = 3 x 10-7 g of glass/cm*/day 
ais the specific activity of the nuclide in curies per gram 
o is the surface to volume ratio of the glass - 0.2 cm*/cm’ 


P is the total power capacity of the reactors (= 4000 MW thermal), 
assumed to produce 4000 g of total fission products per day 
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p is the density of the glass = 2 g/cm? 


X is the decay constant of the nuclide in days”! 


y is the concentration of the nuclide in g/g of total fission 
products at the time the glass is produced 


For natural uranium at 10,000 MWD/tonne in a typical heavy-water-moderated 
reactor 
XD, -AT a) 

Je c 








0.55 Y235 ., 0.45 Y239 A(l - e 
| 235 239 1004D 


where Y 3.6 and Y 339 are the atom per cent yields of the nuclide in the fission 
of U-235 and Pu=239, respectively 


| A is the atomic weight of the nuclide 
D is the irradiation time = 1000 days 
T. is the cooling time = 120 days 


(a) 


constant flux assumed. neutron capture neglected 
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THE USE OF CERAMIC SPONGES FOR ULTIMATE 
DISPOSAL OF RADIOACTIVE WASTES 


By 
Los Alamos Scientific Laboratory 


Los Alamos has worked on fixation of radioactive waste 
solution in clays for the past six or seven years. Because 
the present methods of waste disposal at Los Alamos are 
deemed satisfactory the work on clay fixation was not stressed 
from an operational standpoint. It was determined, however, 
that almost any type of clay, when mixed with radioactive 
waste solution, dried, and subsequently fired to about 1200°C. 
will retain the radionuclides. The resultant brick is very 
resistant to leaching with the common leaching agents which 
could be expected. Although most clays demonstrate a remark- 
able ability to retain the nuclides, the nature of the final 
product, i.e., solid form, strength, lack of dust, etc., 
depends upon the characteristics of the clay. The various 
types of clays and their mixtures that have been tried are 
too numerous to mention here. 

The greatest difficulty involved in the use of clay 
fixation is in the mechanical method of mixing the clay and 
waste. The various methods of handling radioactive wastes 
in this manner are covered very adequately in a "Report of 
Working Meeting on Fixation of Radioactivity in Stable Solid 
Media" which was held at the Johns Hopkins University 
June 19-21, 1957 (TID-7550). 

Since that meeting a new method of fixation in clays 


has been proposed. It was suggested by representatives of 
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Coors Porcelain Company, Golden, Colorado, in March 1958 that 
liquid radioactive wastes might be soaked up in ceramic sponges, 
dried and fired thus permanently fixing the radionuclides in 
the ceramic. A similar, independent, investigation was reported 
by Robinson (1) in April 1958. 

Basically, the process involves the preparation of a 
nighly porous clay body which is fired to about 800°C. This 
body is then soaked in the liquid waste, dried, resoaked and 
the cycle repeated as many as three, four or five times. The 
clay body is finally fired at a temperature of about 1300°C. 
to permanently fix the radionuclide. 

The clay sponges are made in a variety of ways. These 
include burn-out materials such as naphthalene, wood, cork or 
other organic materials; using gas bubbles with foaming agents; 
and using highly absorptive materials such as calcined clays, 
diatomaceous earth, etc. The initial or "bisque" firing 
temperatures and cycles are major factors in production of 
maximum porosity. The optimum pore sizes for effective 
absorption will be determined by experimentation. The final 
product must necessarily be strong and dust-free. 

In preliminary work done at Los Alamos with sponges 
furnished by Coors it has been found that some of the ceramics 
will absorb a Purex waste to about 50 percent of their weight. 
The amount of waste absorbed by the sponge is essentially the 


same for each of the first four soaking and drying cycles. 
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ter 
After four cycles are completed, subsequent soaking and drying . 


absorb considerably less waste than the previous cycles. In aed 
several determinations a sponge has absorbed a Purex waste “s 
up to 200 percent of its weight after four cycles. Additional nen 
cycles increase this percentage but at a diminishing rate. 
In some tests, simulated Purex wastes were spiked with sr70 _— 
and cst37, absorbed in ceramic sponges and fired to 1300°C. -— 
The subsequent leaching by tap water and distilled water - 
showed essentially no radioactivity in the lixivium. . 
of 


The work to date has not advanced to a point where cost 
estimates can be made. However, it appears that the costs 
will probably not exceed those of storage of liquid wastes 
and the storage of wastes in a solid form surely presents 
a much less hazardous manner of containment of these wastes 
than storage of the liquids in tanks. It appears that the 
radionuclides are very firmly fixed to the ceramic and no 
great care need be taken in storage other than providing 
shielding for radiation protection. 

One other advantage to this method of disposal lies 
in the area of valuable use of the radioactivity in the 
wastes. The clay sponges can be formed in almost any shape 
which makes it possible to contain the radiation in some 
physical form in which the gamma and beta rays may be useful. 


Because the radioactivity is so well contained this might 


mean beneficial use of the heat of decay or radiation for 





al 
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isterilization of foods, etc. The one disadvantage lies in 

the fact that the volume occupied by the sponge-radionuclides 
will be somewhat larger than the original waste volume and 

| highly concentrated sources will not be possible. 

The above method of disposal of liquid radioactive 


wastes has shown considerable promise, hence plans are 





underway for a full scale investigation of the process. 
One of the major problems to overcome will be the treatment 
of the off-gases associated with the drying and final firing 


of the ceramics. 
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F LUIDIZED-BED CONVERSION OF FUEL PROCESSING 
WASTES TO SOLIDS FOR DISPOSAL 








J.W. Loediag,* A. A. Jonke,* W. A. Rodger,* R. P. Larsen,* andS. Lawroski* 
E.S. Grimmett,t J. I. Stevens,t and C. E. Stevensont 


A recent AEC report(!) indicates that the present inventory of high 
level liquid wastes in tankage in the United States is greater than 60 million 
gallons, and it is estimated that by June, 1959 this volume will have been in- 
creased an additional 10 million gallons. The practice of storing these liquid 
wastes in underground tanks was begun during the war as anexpedient stopgap. 
The system has worked quite well, but the tanks can hardly be considered an 
adequate storage measure for a time sufficient to decay the radioactivity to 
an acceptable degree of innocuousness. From a safety standpoint it would 
be highly desirable to convert these wastes to storable solids. A number of 
methods for the conversion of liquid wastes to solids have been consid- 
ered,(2,3,4,5,6,7,8,9) including simple concentration until the wastes solidify 
on cooling, addition of portland cement, adsorption on clays and clay flux 
mixes, fused salt calcination, and incorporation into silicate glass matrices. 
This paper describes another possible method for conversion of liquid wastes 
to solids, which makes use of the process of fluid-bed calcination. 


Development of Fluid-Bed Aluminum Nitrate Calcination Process 





At the Idaho Chemical Processing Plant, in which highly enriched 
uranium fuels are processed for recovery of fissionable material, a princi- 
pal high activity waste results from treatment of aluminum alloy fuels of the 
MTR type. This is an acid aluminum nitrate solution which is presently 
stored in cooled underground stainless steel tanks. In the interests of econ- 
omy and long-term safety, consideration has been given to methods of con- 
verting this waste to a stable solid. The aim has beento develop an economical 
and mechanically simple process which provides a significant reduction in 
the availability of fission products from the stored material to the environ- 
ment as compared to liquid storage. At the Argonne National Laboratory, 
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the development of a fluidized-bed process for the conversion of a chemically 
similar uranyl nitrate solution to uranium oxide has been carried out.(10) 
Because of the simplicity of the conversion operation, similar studies were 
undertaken at ANL on conversion of aluminum nitrate to alumina. Advantages 
conceived of were the absence of moving parts in the conversion device, ap- 
plicability to continuous processing, ease of transporting the product to stor- 
age, and utilization of alumina coming from the fuel alloy as a fission product 
retaining medium. Following promising initial pilot plant tests, both labora- 
tory and pilot plant work were undertaken by the Atomic Energy Division of 
Phillips Petroleum Company at the National Reactor Testing Stationto develop 
a complete process for this waste, and studies have continued at ANL with 
calcination of wastes at up to one per cent of full activity level. 


Process Desc ription 


The principle used in the fluid-bed calcination of waste is illustrated 
in a simplified manner in Fig. 1. The calciner consists of a cylindrical 
vessel containing a bed of granular oxide, con- 

OFF-GAS - sisting of the product obtained from the evapo- 

if) ration and calcination of the waste solution. For 
1 } MULTIPLE BANKS ° : : 

OF Porous Furers aluminum nitrate-bearing wastes, such as those 
produced in recovering enriched uranium from 
aluminum alloy fuels and in the Redox solvent 
extraction process, the granular bed would con- 
consist of aluminum oxide together with other 


diane j FLUIDIZED OXIDE minor constituents including fission product 
an E 1 eee oxides. For wastes of low solid content, such 

ne Y) wee as those produced in the Purex process, the 
FEEO N 4 FEED N 


A . bed could consist of almost any inexpensive, 
Y i -- “®" inert, porous solid. 


a | oe 7 wim HEATER 
eT ae The bed is supported on a perforated or 
ia. porous plate, which serves as a gas distributor. 
Preheated air is passed upward through the 
Fig. 1. Fluidized Bed plate to fluidize the bed and agitate the solids, 
Calciner the entire dense mass behaving much like a 


vigorously boiling liquid. Heat is supplied to 
the solid particles through the vessel wall and/or through heat transfer tubes 
within the bed itself. The bed temperature is maintained in the range of 400 
to 500°C. 


The waste solution is injected into the bed through several pneumatic 
Spray nozzles spaced around the perifery of the calciner in a single horizon- 
tal plane. The liquid droplets, upon contacting the hot solid particles, are 
flash dried ahd calcined to oxides. The product solid is deposited on the par- 
ticles in the bed, and continuously withdrawn from the bottom or from an 
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overflow pipe. Sufficient attrition occurs to produce new »darticle nuclei and 


to counteract any tendency for the bed particles to continually increase in 
size. 


The off-gas rising from the fluidized-bed consists of air mixed with 
decomposition gases, including water vapor and oxides of nitrogen. Entrained 
radioactive oxide dust contained in the gas stream can be removed either by 
the use of sintered metal filters as shown in Fig. 1 or by liquid scrubbers. 
In either case, absolute (AEC-type) filters will be used to back-up the pri- 
mary dust separators. A certain amount of fission-product ruthenium is 
volatilized into the off-gases during the calcination process, and removal of 
this volatilized ruthenium requires additional equipment. For this purpose 
the use of either a partial condenser or an absorber containing silica gel or 
stainless steel wool is being considered. 


PILOT-PLANT STUDIES (NON-RADIOACTIVE) 


Initial experimentation to determine the feasibility of converting alu- 
minum nitrate solutions to granular solids was conducted in a 3-inch diameter 
stainless steel unit with a4-inch glass pipe disengaging section. Later work 
was done in larger units. Four pilot-scale fluid-bed calciners have been 
operated, two by Argonne National Laboratory and two by Phillips Petroleum 
Company. All of these units were similar in design principle to the illustra- 
tive unit shown in Fig. 1, but contained slight differences. The units in use 
at ANL are both 6 in. in diameter one unit being used for non-radioactive ° 
studies and the other, a shielded unit, being used for studies with radioactive 
feed. Heat is supplied to the ANL units by electrical elements attached to 
the wall outside the vessels. Porous stainless steel plates are used for 
fluidizing gas distribution. The off-gases evolved are passed alternately 
through one of two banks of sintered stainless steel filters to remove 
particles. These filters are blown back to remove dust particles when not 
in service, and the dust drops back into the fluid-bed. 


Two pilot-scale fluidized bed calciners have been operated by Phillips 
Petroleum Company at the National Reactor Testing Station.(11) One unit is 
6 in. in diameter to process up to 7 liters of aluminum nitrate solution per 
hour, while the other vessel has a cross-sectional area of four square feet 
and is designed to process up to 100 liters/hour. Heat is supplied to these 
units through tubular surfaces placed in the bed of solids. The smaller unit 
contains electrical elements while the larger one may be heated either elec- 
trically, or by circulation of NaK alloy heated in an oil furnace through heat 
transfer tubes in the bed, or by passage of combustion gases through tubes 
in the bed. 





Fluidizing air is supplied through bubble-cap plates which support . | 
the bed. The granular calcined product overflows continuously into a catch 
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pot or can be removed intermittently through a bottom draw-off line. Liquid 
feed is sprayed into the calciner through nozzles located flush with the inside 
of the vessel wall below the operating level of the fluidized bed but well above 
the heat exchanger tubes. The nozzles are equipped with cleanout needles. 


In the units operated by Phillips, first stage particle removal from 
the off gas is effected by a scalping cyclone. Separated fines are returned 
to the fluidized bed by connecting the suction side of an air jet to the solids 
discharge end of the cyclone. The air jet is motivated by fluidizing air, 
which returns the solid particles to the bed. 


For additional particle removal, the off gas is passed through a 
venturi scrubber which utilizes a dilute nitric acid scrub solution obtained 
by condensation from the off gas. Droplets and scrubbed particles are sep- 
arated from the gas in a second cyclone. The scrub solution is cooled and 
recycled and a portion is continuously drawn off to compensate for liquid 
produced by condensation. After passing the off-gas through a cooler and 
condenser, gases are vented to the atmosphere through an absolute-type 
filter. 


Calciner Performance 


Most of the experimental runs have been made using a simulated 
waste having the following composition range: 


Aluminum Nitrate 1.7-2.2 M 
Nitric Acid 10-1.3 M 
Sodium Nitrate 0.1-0.2 M 
Mercuric Nitrate 0.005-0.01 M 


Alumina has been produced at bed temperatures in the ranges 300-550°C, 
although most of the work has been carried out at 400°C. Starting with a bed 
composed principally of 20-60 mesh particles, the particle size distribution 
pattern varies slowly and irregularly, being dependent upon such factors as 
the relative rates of nucleation, deposition on existing particles, attrition, 
fines recycle, and product draw-off. Atypical particle size distribution is 
given below: 


Per Cent of Particles Retained by Per Cent Thru 
l4mesh 20mesh 28mesh 35 mesh 60 mesh 100 mesh 100 mesh 
19 28 27 19 6 0.3 0.2 


Residual nitrate in the product results principally from the sodium nitrate 
present and varies with calcination temperature. Typical values at 400°C 
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ranged from 1.0 to 1.5 milliequivalents per gram of solid. The bulk density 
of the solid ranged from 48 to 55 lb/cu ft depending primarily upon particle 
size and size distribution. The volume of the solid was approximately one- 
eighth that of the feed solution. 


Most of these experiments employed air as the fluidizing gas, but the 
use of superheated steam was also tested in an attempt to reduce the non- 
condensables in the off-gas and thereby reduce radioactive dust carryover 
in the gas stream past the condenser. Runs made with steam as the fluidiz- 
ing medium resulted in very good operation with approximately the same 
percentage of residual nitrate in the oxide as when air was used. 


An attempt was made to use kerosene as a source of heat by direct 
injection into the fluidized bed (at 500°C), where due to its low ignition tem- 
perature the kerosene burned in the fluidizing air. Some heateffect from 
combustion of the kerosene was noted, but examination of the off-gas dis- 
closed incomplete combustion. The use of indirect heating through the vessel 
wall or by heat transfer tubes within the bed itself was, therefore, considered 
to be the most practical method. The sintered porous stainless steel filters 
were tested and shown to be at least 99.98 per cent efficient for removal of 
particulate matter formed in the calciner. Of the nozzles tested, the pneu- 
matic atomizing type proved most effective due to its production of very fine 
droplets and to the absence of caking at the nozzle face encountered with 
some nozzles. In this type of nozzle the air and liquid are mixed externally 
after leaving their respective orifices. 


Control of Particle Size Distribution 





Since fine particles must be removed by off gas treating equipment, 
it is desirable to minimize their production. Accordingly, control of particle 
size distribution in the bed, and correspondingly in the product, is most im- 
portant in calciner operation. Theoretically, for a given bed geometry, the 
size distribution is a function of the equivalent solid feed rate, the mass of 
the bed, and the number and size of seed particles introduced per unit of 
time. Seed particles are produced by attrition in the bed and in the off gas 
recycle system, and by operation of the feed spray nozzle. 


Those feed droplets which do not come in contact with solid particles 
in the bed will be evaporated and calcined to form new seed particles. Fine 
atomization will presumably form many particles which may be so small as 
to pass through the scalping cyclone. It is known that droplets produced by 
air atomization in a nozzle vary in size as a function of the air-to-liquid 
volume ratio as well as of the air velocity. High air rates and velocities 
tend to produce many small droplets. Thus one would expect a small aver- 
age particle size in a bed fed at a high air-to-feed ratio. This has been 
noted qualitatively in calciner operation as shown in Table I. 
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Table I 


EFFECT OF NOZZLE AIR RATIO ON PARTICLE SIZE DISTRIBUTION 
(For 6-inch calciner at 400°C, aluminum nitrate feed) 











wi secant ep etioncnisaaeaiesanaes cla = ~--- 5 
i Per Cent of Bed | Per Cent | 
Volumes Nozzle Feed : 
E Particle Held On Thru 
Air per Rate, = a 
Volume Feed ml/min Ty es | 4 
| 20 mesh | 35 mesh | 60 mesh | 60 mesh | 
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Particle Removal by Venturi Scrubber 


The primary cyclone on the 6-inch calciner has removed as high as 
95% of the solids entering with the off gas. A particle removal efficiency of 
over 99% has been achieved with the venturi scrubber, to give downstream 
solids loadings as low as 0.016 m /cu ft. To get this efficiency required 
throat velocities of 500 to.1000 ft/sec and scrub rates of 5 to 20 gals/cu ft, 
and resulted in a pressure drop across the venturi of 15 to 20 in. of Hg. 
Since it is highly important that even very small proportions of contaminated 
particles not be discharged to the atmosphere, a multistage cleanup system 
is probably required for a plant. Detailed requirements must be developed 
experimentally, but filters, scrubbers, and precipitators in combination may 
be required. 


LABORATORY STUDIES ON FISSION-PRODUCT RUTHENIUM BEHAVIOR 


Volatility of Ruthenium Accompanying Aluminum Nitrate Decomposition 





Prior to fluid-bed calcining tests with radioactive feed, laboratory 
studies were carried out to indicate the behavior of ruthenium when alumi- 
num nitrate was decomposed at high temperatures. It was suspected from 
the known chemistry of ruthenium, that its volatilization during calcination 
might be encountered. 


When a typical waste solution (1.7 M aluminum nitrate, 1.0 M nitric 
acid, 0.1 M sodium nitrate) was destructively distilled, essentially no ruthe- 
nium was volatilized while dilute nitric acid passed overhead. However, as 





2010 INDUSTRIAL RADIOACTIVE WASTE DISPOSAL 


the still temperature passed through the range 130 to 140°C, where the salt 
would be decomposing, the ruthenium concentrationin the condensate rose very 
sharply and substantially all of it was carried away. Little additional ruthe- 
nium appeared in the vapor as the residual solids were heated to 400°C. 


In further tests, the operation of a calciner was simulated by dropping 
a Simulated waste containing tracer ruthenium onto a heated bed of alumina 
on a porous plate. Air or other gas was passed through the bed to simulate 
the calciner atmosphere. When decomposition was carried out at 400°C in 
an air stream, ruthenium was substantially all volatilized and carried away 
in the off-gas. The addition of up to 1.0 M sodium nitrite to the feed did not 
alter this significantly, contrary to the effect of sodium nitrite during nitric 
acid distillation. With a nonoxidizing atmosphere provided by a nitric oxide 
gas stream (estimated oxygen content about 0.014%) only about 1% of the 
ruthenium was volatilized. Increasing the decomposition temperature to 
500°C in air reduced the ruthenium found in the off-gas to about 1/3 of that 
in the feed. In the latter case, much ruthenium was found to be deposited on 
the calciner vessel, suggesting a mechanism involving volatilization of RuQ, 
followed by decomposition at high temperature. These data are summarized 
in Table II. 


Table II 


RUTHENIUM VOLATILIZATION DURING SIMULATED CALCINATION 


Feed: 1.7 M aluminum nitrate, 1.0 M nitric acid, 
0.1 M sodium nitrate, containing ruthenium tracer 
Per Cent of Feed 
| Simulated Bed Calculates Ruthenium Found 
cat Oz Content of 
Fluidizing | Temperature, | + - 
“i Atmosphere, | ; . 
| Medium C . in Calciner 
Per Cent | in Off-Gas 
and Alumina 
— + + + + = 
| Air 400 17 87 - 
Air 550 17 29 31 
NO 400 0.06 34 - 


NO 400 0.014 1.4 90 


Ruthenium Vapor-Liquid Equilibrium Data 





Having found that ruthenium is partially volatilized under calciner 
conditions, it was important to determine the disposition of the ruthenium 
contained in the calciner off-gases upon passage of these gases through a 
venturi scrubber, considered for use in the removal of particulate solids 
from the off-gases. With regard to mass transfer of ruthenium (assumed 
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to be in the form of ruthenium tetroxide) from the gas to the liquid phase, 
the venturi scrubber should perform as essentially one theoretical stage. 
Under these conditions the appropriate vapor-liquid equilibrium values for 
the two phases define the upper limit of efficiency. It can be shown that: 


Bleed Rate 


Ru Decontamination Factor = 
Vapor Rate 





where 


x = £Ru/g Uquie .. squilibrium 
g Ru/g vapor 
A few values for K were obtained at 80°C for appropriate nitric acid concen- 
trations. A Gillespie equilibrium still(!2) was modified so that a stream of 
air could be metered through the still pot. Appropriate measures were 
taken to insure isothermal conditions in the liquid system and to assay for 
noncondensible ruthenium. Tracer redistilled ruthenium tetroxide was used 
with conventional counting techniques for analysis. The variation in K with 
acidity is given in Fig. 2. From these data it is apparent that ruthenium 


transfer to the liquid phase will be high for scrub-solution and coNcentra- 
tions below 10 molar. 
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Ruthenium Adsorption on Silica Gel 


Laboratory studies were made to investigate the removal of ruthe- 
nium from calciner off gases by adsorption on solid surfaces. A survey of 
common adsorption and filtration media including commercial activated 
alumina, fluid bed calcined alumina, stainless steel mesh and wool and 
Silica gel, led to the selection of silica gel as the most applicable for a dry 
adsorber for ruthenium. The factors most favorable for silica gel utiliza- 
tion were established by laboratory experiments to be as follows: 


87457 O—59—vol. 313 
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Effective at vapor velocities up to 0.6 feet per second. 
Relatively stable to the acid content of the vapor. 
Ruthenium readily washed off with water in place at 60°C. 
Adsorbent reactivated at 180°C in place. 

Adsorbent readily changed and removed from the system 
remotely. 


Decontamination factors between 200 and 1000 were indicated for 
beds of 24 in. or greater depth with ruthenium loading capacity of about 
10 grams per cubic foot of silica gel. Operation of the bed was optimum 
just above the dewpoint of the macro vapor phase. Stainless steel mesh gave 
decontamination factors of only about 20 to 300 for a 134-in. bed depth and 
could be loaded with 0.25 gram per cubic foot of bed. 


PILOT PLANT STUDIES (RADIOACTIVE) 


In order to study the calcination process with radioactive liquid 
wastes, a shielded six-in. diameter unit was constructed at Argonne National 
Laboratory for semi-remote operation. The unit was designed to use diluted 
radioactive waste, and was capable of handling about 100 curies of 1 Mev 
gamma radiation. The shielding consisted of a concrete cell having 18-in. 
thick walls. A schematic diagram of the calcination facility is shown in Fig. 
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The calciner was constructed entirely of type 347 stainless steel, and 
was similar in design to the units already described. An enlarged chamber, 
12-in. in diameter at the top of the calciner housed the sintered stainless 
steel dust filters. The decomposition gases leaving the filters entered a 
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condenser, which removed most of the water vapor and a portion of the ox- 
ides of nitrogen in the form of a dilute nitric acid condensate. The non- 
condensible gases passed through de-entrainment traps to remove mist and 
then through an absolute filter (AEC type with glass-asbestos filter medium). 
To reduce the hazard resulting from leakage the system was normally 
operated under a slight vacuum supplied by either a steam jet or a vacuum 
pump. 


Flow control valves were operated by extension handles through the 
cell wall. Remote operation was employed except for the occasional removal 
of product containers or for discharge of the bed. The activity levels per- 
mitted entrance into the cell for brief periods when necessary for mainte- 
nance or other purposes. 


The operating procedure entailed charging the starting bed of inactive 
aluminum oxide, fluidizing, heating to the desired temperature, then intro- 
ducing the solution to be processed. Cooling coils around the nozzles aided 
in preventing vaporization within the nozzles. With exception of bed tem- 
perature, feed composition, and fluidizing gas composition, the operating 
conditions were essentially constant for all runs. The nominal superficial 
velocity of the fluidizing gas was 1.3 ft/sec at the operating temperature and 
pressure. The actual gas velocity, particularly above the feed injection 
point, was considerably higher because of the atomizing gas and the decom- 
position gases. The feed rate ranged from 89 to 102 ml/min (1.4to 1.6 gal/hr). 


The feed was prepared by dilution of radioactive waste (produced at 
the Idaho Chemical Processing Plant and aged four years) with inactive solu- 
tion of approximately the same composition. The feed contained 2.2 molar 
aluminum nitrate, 1.25 molar nitric acid, 0.15 molar sodium nitrate, and 
0.008 molar mercuric nitrate. Initial runs were made with one part of 
radioactive wastes to 1000 parts of inactive solution, and the proportion of 
radioactive waste was gradually increased to 1 to 100 in later runs. Air was 
used as the fluidizing gas in most runs, but a few runs were made with other 
gases. Calcination temperatures in the range of 350 to 550°C were studied. 


Fission product behavior was determined by analyzing the calcined 
solid, the condensate, and the off-gas. The off-gas was sampled for partic- 
ulate activity both prior to and following the absolute filter. The off-gas was 
monitored just before exhaustion by passage through a one-cubic-foot box 
containing four GMtubes. In no case was any residual activity detected in 
the gas by the monitor. 


Fission Product Behavior During Waste Calcination 


The primary objective of the runs with radioactive waste was the de- 
termination of fission product distribution throughout the system under 
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various operating conditions. A secondary objective was the preparation of 
calcined oxide for studies on leachability of the fission products with water 
and dilute acids. 


Results disclosed that all of the fission products in the waste were 
non-volatile with the exception of ruthenium. In a series of runs made at a 
calcination temperature of 400°C the bulk of the ruthenium activity was vola- 
tilized and carried out of the calciner in the off-gas stream. The volatilized 
ruthenium was efficiently removed from the off-gases along with water vapor 
and some of the nitrogen oxides by cooling and condensing the gas stream. 
The remaining trace of ruthenium activity was nearly completely removed 
by the absolute filter as discussed below. 


The concentrations of radioactivity in the influent and effluent streams 
in a typical run at 400°C are shown in Table III and the distribution of ruthe- 
nium activity in a series of runs at this temperature are summarized in Table IV. 


Table III 


DISTRIBUTION OF FISSION PRODUCT RADIOACTIVITY DURING 
FLUID-BED CALCINATION OF LIQUID WASTE 
(Calcination Temperature 400°C) 





Radioactivity 


4 


Beta Gamma Ru y Cs 8 


Feed Solution (cpm/ml) | 6.1 x 108 | 1.4x10® | 1.1105 | 6.4x 105 | 
Calcined Solids (cpm/g) | 1.5% 107 | 3.6% 10° | 5.3x10* | 2.0 x 10° 
Condensate (cpm/ml) 1.1 x 105 | 5.0x10* | 4.6x%10* | 1.4.x 10? | 
Non-Condensable Gas 
(cpm/cu ft) 1.4x 107 | 1.4x 103 


| 


$$ 


Table IV 


RUTHENIUM DISTRIBUTION IN EFFLUENT STREAMS 
DURING WASTE CALCINATION AT 400°C 


Ruthenium Content® (% of input) 
eel Sg ie meepgeoeennceeepeini eect 
| Non-Condensable Gas 3 


Decco 


Run No. 


Calcined I —-- 
Solids Condensate | Before Absolute | After Absolute 


Filter 
siege nee cei wai weael 

75 0.14 

69 0.17 

75 0.13 

10 - 43 0.09 

30 20 65 - 

Rneadin gc Da Mi a a 

2Some Ru deposited on interior walls of vessels and piping, causing 
low material balances. 
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Because of the refractory nature of the calcined alumina, an accurate deter- 
mination of its ruthenium content was difficult. However, the results obtained 
indicated that about 20 +t 10% of the feed ruthenium was retained in the solid 
product. The ruthenium in the condensate ranged from 43 to 75% of the feed 
ruthenium, and the non-condensable off-gas contained less than 0.2%. The 
condenser was therefore effective in removing about 99.8% of the ruthenium 
from the calciner off-gases. The remaining ruthenium was further reduced 
by about a factor of 100 by means of the absolute filter. 


In many runs the ruthenium which could be accounted for in the efflu- 
ent streams amounted to roughly 85% of that fed to the calciner. Though some 
of this loss might be attributed to experimental error, much of it is believed 
due to plating of ruthenium in the off-gas piping. 


Effect of Calcination Temperature on Ruthenium Volatilization 


Since ruthenium tetroxide is known to be unstable at high temperatures, 
several runs were made to determine whether the volatilization of ruthenium 
could be reduced by increasing the calcination temperature. The results ob- 
tained at temperatures ranging from 350 to 550°C are listed in Table V. 


Table V 


EFFECT OF CALCINATION TEMPERATURE 
ON RUTHENIUM VOLATILIZATION 


— 





Ruthenium Content (% of input) 





Temp (°C) 
Condensate Calcined Solids@ 





350 84 11 

400 65 15 

450 35 12 

500 3 78 

500 1 73 

550 0.4 - 

4 4 

2Due to unavoidable losses during analyses, 
values reported for ruthenium in solids are 
known to be low. 


The ruthenium volatilization decreased drastically with increasing tempera- 
ture from about 90% at 350°C to less than 1% at 550°C. 


In one extended run totaling 13 hours, in which the calciner was op- 
erated at three temperatures (400, 450 and 500°C), the condensate samples 
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showed rapid response to changes in calcination temperature. The volatil- 
ized ruthenium dropped from 65% at 400° to 35% at 450°, and to about 3% at 
500°C. It is likely that at the higher temperatures the ruthenium in the feed 
was converted chiefly to non-volatile ruthenium dioxide, and only a very 
small percentage of volatile ruthenium tetroxide was formed. 


Suppression of Ruthenium Volatilization with Reducing Atmospheres 


It is known that ruthenium tetroxide is produced only under strong 
oxidizing conditions such as are present in concentrated nitrate media at 
elevated temperatures: An initial attempt was made to suppress ruthenium 
volatilization by adding 0.1 molar sodium nitrite to the feed solution as a 
reductant while replacing all inlet air by nitrogen. These measures were 
ineffective, indicating that more drastic reducing conditions were necessary 
to prevent ruthenium oxidation and volatilization. 


Consideration was given to the use of an inexpensive gaseous reduc- 
tant which could reduce all of the nitrate to nitrogen or lower-valent nitrogen 
oxides. A mixture of carbon monoxide in nitrogen, simulating commercial 
producer gas, was therefore tested in place of air as the fluidizing gas in 
several runs. All other air streams to the calciner were replaced bynitrogen. 


The results obtained in runs made at 400°C and 550°C are compared 
in Table VI with runs made under the same conditions except with air as 
the fluidizing gas. At 400° the ruthenium volatilization was decreased from 
43% when air was used to 1.0% when carbon monoxide was used. At 550° the 
ruthenium volatilized was only 0.3 to 0.4% with either gas. All of the nitric 
acid was destroyed in the runs made with carbon monoxide, and the conden- 
sate was essentially neutral, whereas in the runs made with air the conden- 
sate contained over 3 N nitric acid. 


Table VI 


EFFECT OF CARBON MONOXIDE GAS ON RUTHENIUM 
VOLATILIZATION DURING WASTE CALCINATION 


Ty pe Nee — 
| 


Condensate 





Bed | Fluidizing : 
Temp. (°C) | Gas | Ruthenium 
(% of input) | 


Acidity 


=e ot ae aid eee 
400 air 43 | 3.9 N 
400 CO - Nz 1.0 | neutral 
550 air | 0.4 3.3 N 

550 CO - Nz ‘ neutral 
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The heat generated in the reaction of carbon monoxide with nitrates 
reduced the amount of external heat required for the calcination of the waste 
solution. However, not all of the reaction took place within the fluidized bed. 
While the bed was maintained at the indicated temperatures, the gas temper- 
ature above the bed rose to over 700°C. Apparently the residence time of 
the gas in the 20-in. deep bed was not sufficient to complete the reaction. 


In addition to suppressing ruthenium volatilization, carbon monoxide 
appears to be useful for avoiding nitrate disposal problems and/or the cor- 
rosion problems associated with the evaporation and concentration of the 
nitric acid-bearing condensate. In addition the heat supplied by the reaction 
would decrease the external heat requirement. The feasibility of using car- 
bon monoxide must await experiments in larger-scale equipment, which will 
provide additional bed depth and additional residence time for the gas. 


Performance of the Sintered Metal Filters 


The sintered stainless steel filters, which had a mean pore diameter 
of 10 microns, were found to be highly efficient for the removal of dust from 
the calciner off-gases. These filters, when coated with a dust layer, were 
capable of removing sub-micron sized particles. Filter efficiency was eval- 
uated by determining the amount of non-volatile (non-ruthenium) activity in 
the condensate and in the non-condensable gases. Non-volatile radioactivity 
could be present :n these streams only by passage through the filters in the 
form of solid particulate. 


The results obtained in several runs are presented in Table VII. 
Table VII 


NON-VOLATILE RADIOACTIVITY CARRIED THROUGH 
SINTERED METAL FILTERS IN WASTE CALCINER 
Non- Volatile Radioactivity (% of feed) 


Run No. Non-Condensable 


Off-Gases , 


33 2.5 x 1073 « 

40 2.2 x 1073 5x 1075 
41 1.6 x 1073 8x 1074 
2.2 x 1073 3x 1075 


Condensate 


Rcnecipinatinineseislaivestioaaanent 1 saaspaeeeill a = sae 


These data represent the average values for several samples taken during 
the course of the runs. The non-ruthenium activity which passed through 
the sintered metal filters was about 2 x 10°?% of the activity fed to the 
calciner. Most of this radioactivity was removed in the condenser and only 
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about 1 x 10°*% remained in the non-condensable gas. Further removal un- 
doubtedly occurred in the absolute filter, but the amount could not be deter- 
mined because the activity level was too low. The radioactive nuclides 
present in the condensate and gas samples after separation of ruthenium 
were identified as cesium-137 and cerium-144, which are the predominant 
gamma emitters expected to be present in the aged wastes. 


Experience with the sintered stainless steel filters in the experimen- 
tal calciner indicates that good performance could be expected from these 
units in a plant-scale installation. Corrosion was encountered only in the 
runs made with carbon monoxide gas, during which holes or cracks developed 
in several of the bayonet filters. In these runs the gas temperature was so 
high (770°C) that reaction of the carbon monoxide with the steel might be ex- 
pected. Long term corrosion tests would be required before the filters could 
be considered suitable for plant installation. Cooling the off-gases before 


filtration, possibly by spraying water into the space above the bed, would be 
desirable to minimize corrosion. 


To demonstrate that the filters can be operated over a long period 
without plugging, a test facility was installed, consisting of a 6-in. diameter 
glass pipe containing a bed of fluidized 20 to 325 mesh alumina. Two sin- 
tered metal filters were installed above the bed for filtering the gas. These 
filters were automatically cleaned on a pre-set time cycle by a high-velocity, 
short-duration, jet of air directed into the filter discharge opening through a 
venturi-shaped fitting. Solenoid valves operated by a timer provided a 1/2- 
sec pulse of air once each minute for each filter from a line pressure of 
100 psig. The pressure drop across the filters showed an initial increase of 
about 6 in. of water during the first few days of operation, then remained 
essentially constant at 40 inches of water over a period of 30 days of contin- 
uous operation. This test proved that plugging could be avoided by this 
method of cleaning, which permits a pre-coat of alumina dust to cover the 
filters at all times and removes only the outer layer of dust during blowback. 


Concentration of the Condensate 


Data already presented has shown that partial condensation of the 
calciner off-gases is an effective method for removal of both the volatilized 
ruthenium and the particulate radioactivity from these gases. This method 
produces a low-level, dilute-nitric acid waste requiring further treatment 
before disposal. Cursory experiments were carried out to determine whether 
this solution could be concentrated by evaporation without excessive ruthe- 
nium carryover. It was found that direct evaporation to high nitric acid con- 
centrations (above 10 M) resulted in appreciable volatilization of ruthenium. 
However, the use of a continuous equilibrium evaporation method, in which 
the feed was diluted with water to a concentration of 1.5 M nitric acid, 
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allowed the still pot acid concentration to be maintained at 7 to 8 M. Under 
these conditions very little volatilization of ruthenium occurred. 


GENERAL PROCESS CONSIDERATIONS 
Equipment Reliability 


For plant use, it is imperative that this type of equipment operate 
reliably for long periods without maintenance. The 6-in. pilot-plant calciner 
has operated for over 3000 hours in runs of varying duration. The longest 
continuous run extended for 548 hours and was terminated voluntarily. Ex- 
tended operations for up to several days are normally required for the bed 
to reach a nominal equilibrium condition. Many runs of this nature have been 
made followed by rapid turn-around and start-up under modified conditions. 
Rarely has trouble been experienced with the formation of large aggregates 
in 6-in. and larger calciners. Large particles have been formed irregularly 
in smaller diameter units. 


Materials of Construction 


Material requirements for the calciner are in general not very se- 
vere. Ordinary steel appears to withstand the corrosion and erosion condi- 
tions in the body of the calciner as long as the atmosphere is hot and dry. 
However, since decontamination of a piece of radioactive equipment is nor- 
mally required at intervals, stainless steel, Carpenter 20, and carbon steel 
were compared in tests run in a 3-in. diameter corrosion test calciner for 
over a thousand hours. Weight losses were only of a few mils per year or 
less; however, scaling was observed on the carbon steel surface. Some 
corrosion was observed in stainless steel feed nozzles in early tests; titanium 
alloy inserts have since performed very well in this service. Considerable 
erosion was observed in stainless steel jets used to return fines from the 
scalp cyclone. Very hard inserts of boron carbide and similar material 
markedly reduced this problem. 


Heat Transfer and Capacity 





The rate of heat transfer between a water-cooled test loop and the 
fluidized bed in the 6-in. calciner has ranged from 25 to 250 Btu /(hr)(ft?)(°F), 
with typical values being about 80. The higher rates were obtained when the 
bed consisted primarily of small particles. When large particles were pro- 
duced electrical heater failure occurred due to inefficient heat transfer, 
causing element burnout. Data have not yet been obtained for bed heating by 
combustion gases or liquid metal. The capacity of the systems are limited 
primarily by the ability to introduce heat to the bed, and by the off gas vol- 
umes which can be handled following the calciner. The 6-in. calciner has 
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been operated at rates from 20 to 220 ml/min. The 4-sq ft calciner has been 
operated at a rate of 30 liters per hour using a direct-fired tube heater with 
1/3 the transfer surface of the liquid metal heater (the latter was designed 
for 100 liter/hour). 


Characterization of Alumina Produced by Calcination 


Alumina produced by fluidized bed decomposition of aluminum nitrate 
consists of white, nearly spherical particles. Under high magnification, 
porosity and a multilayered structure can be observed. 


An x-ray diffraction study of a sample of alumina produced at 400°C 
indicated that two-thirds of the material was alpha-alumina and the remain- 
der was amorphous. Examination of samples produced in a laboratory-sized 
calciner (3-in. diameter) indicated that the alpha phase constituted only 30% 
of the bulk particles and as little as 10% of the fines. Ignition of samples of 
aluminum nitrate, dibasic aluminum nitrate, and aluminum hydroxide ina 
muffle furnace at 400°C produced completely amorphous particles. Partial 
conversion of both nitrate compounds to alpha alumina occurred between 400 
and 800°C, and all compounds were substantially converted to alpha-alumina 
between 800 and 1100°C. This suggests that the dibasic nitrate rather than 
the hydroxide may be an intermediate in the calcination process. The form 
of alumina present will probably affect the resistance of particles to attrition 
and the ability to remove soluble components by leaching. 


ASPECTS INVOLVED IN STORING THE CALCINED WASTE 


Leaching Fission Products From Calcined Wastes 

Studies of the dilute nitric acid leaching of long-lived heat-producing 
radioactive isotopes from calcined alumina, obtained by decomposing alumi- 
num nitrate containing about 1% of full activity waste, indicate that practically 
all the cesium, perhaps 3/4 of the strontium, and 10% of the cerium can read- 
ily be removed in multiple contact operation. This would have little effect on 
the heat generation rate of calcined solids in the first few years of decay, 
but with wastes aged 5 years the leached solids might generate heat at only 
about 1/3 the rate of unleached solids, as shown in Fig. 4. Ruthenium and 
zirconium-niobium are only slightly extracted. Any soluble salts present, 
such as sodium nitrate, are extracted at the same time along with a few per 
cent of the alumina. 


Perhaps more significant is the reduction in the availability of 
biologically-hazardous fission products to contact with ground water which 
may be effected by leaching before storage. For example, in a 5-stage batch 
leaching the last solution equilibrated with calcined waste had a strontium-90 
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content which was only 1/500th that of 
the initial leach solution. The extrac- 
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storage requires a knowledge of the 
effective thermal conductivity of the solid material at elevated temperatures. 
It was anticipated that the conductivity of alumina produced by waste calcina- 
tion would differ from that of alumina for which data are available due to the 
way in which the particle is built up and to the effect of other waste compo- 
nents, such as sodium compounds, which may remain with the alumina. At 
higher temperatures, transfer of heat by radiation would also occur signifi- 
cantly. Measurements were made inserting thermocouples at intervals in 
centrally heated spherical and cylindrical beds of the calcined product. The 
apparent conductivity increases almost linearly from 0.08 to 0.23 Btu/(hr) 
(ft?) (°F /ft) between 100 and 1000°F and further increases to 0.30 Btu/(hr) 
(ft?)(°F /ft) at 1740°F. 


Fission Product Volatilization from Calcined Waste at High Temperatures 








The central temperatures in a stored mass of calcined waste could 
reach very high values, depending upon the method of storage and the rate 
of heat dissipation. To determine at what temperatures the volatilization of 
fission products might occur, samples of the oxide produced in the pilot- 
plant calciner were ignited in a muffle furnace at temperatures between 700 
and 1200°C. No loss in radioactivity was observed in two-hour tests at tem- 
peratures up to 1000°C. At 1200°C about 85% of the gamma activity was 
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volatilized, probably by decomposition of cesium oxide to volatile cesium 
metal. Examination of the ignited samples with a gamma-ray spectrometer 


showed that virtually 100% of the cesium activity was removed at 1200°C. 


Permanent Fixation of Radioactivity in Alumina Waste 





Although initial plans call for the storage of the calcined alumina in 
metal vessels, an alternative approach involving a more permanent method 
of fixing the radioactivity is also being considered. One method under study 
at the Massachusetts Institute of Technology is to incorporate the calcined 
solids into a high-alumina ceramic glaze formulation which, after being fired 
to a vitrified mass, would retain the fission products with a minimum of ad- 
ditional protection. 


The effect of standard ceramic parameters, such as composition 
ratios, on glaze firing temperatures and fission product leachability have 
been studied. A leaching rate of 8 x 10°*% of the total activity per square 
centimeter per week was obtained with a mixture of one part alumina, one 
part boria, one part calcia, and 3+ parts silica in small spherical pellets 
about 1/2 in. in diameter. A glaze containing 23% alumina has been devel- 
oped which melts at 1300°C. Volatilization of cesium during firing has been 
encountered in many experiments. 


Attempts have also been made at Argonne National Laboratory to 
apply ceramic glaze coatings to the individual particles of calcined waste 
by spraying the ceramic in slurry form into a fluid-bed of the alumina ina 
manner similar to the calcination process itself. Successful coatings of 
several mils thickness have been obtained; but poor glazing resulted after 
firing, probably because of reaction of the alumina with the thin ceramic 
layer. 


DEMONSTRATION PLANT 


Preliminary engineering designs of a 60 gal/hr demonstrational 
facility is nearing completion. This facility is designed to develop engineer- 
ing information and will be capable of calcining wastes generated from proc- 
essing fuels at 200 days post reactor discharge. Direct maintenance of the 
process equipment has been a major design criteria. Therefore, the primary 
consideration has been to utilize mechanically simple equipment which will 
require a minimum of maintenance and can be easily operated behind the 
required shielding. The simplified flowsheet for the process is shown in 
Fig. 5. The basic components of the process are (1) the calciner and its 
auxiliaries, (2) off-gas treating equipment, and (3) solids storage facilities. 


The fluidized bed calciner is designed to operate under a slight nega- 
tive pressure at the design rate and a temperature of 400°C. The calciner 
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Fig. 5. ICPP Radioactive Waste Calcination Plant 


will be sufficiently flexible to permit operation at 500°C with approximately 
2/3 of the design feed rate. Calcined alumina will be pneumatically trans- 
ported to the solids storage bins by an air stream which will be returned as 
part of the fluidizing air. Local air tolerance levels are such that the nitro- 
gen oxides can be discharged to the atmosphere provided they are within the 
tolerance limits on radioactivity. It is recognized that a simple but highly 
efficient off-gas system will be required to avoid emission of radioactive 
particulates to the environment. Therefore, the system chosen for the pre- 
liminary design essentially consists of several air cleaning devices in series. 
Upon leaving the calciner the off-gases will pass through high efficiency cy- 
clones, wet scrubbers, adsorber-filters packed with silica gel, and absolute 
AEC -type filters before joining the building ventilation air for stack dis- 
charge to the atmosphere. The system chosen is mechanically simple and 
involves a minimum amount of remote removal equipment. For example, 
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the silica gel beds will be pneumatically removed after they have exceeded 
their regenerable life, and will be incorporated with the calcined solids for 
storage. The final filters will be the only remotely removable and replacable 
piece of process equipment. 


Sufficient solids storage volume will be provided with the facility to 
store three hundred days of plant production. The design criteria for the 
solids storage system was to limit the center line temperature to a value 
not exceeding the calcining temperature of 400°C. This temperature was 
chosen on the assumption that fission products not volatilized in the calciner 
would not be volatilized in the storage bins. Based on these criteria a design 
employing forced air cooling of storage bins has been adopted. The solids 
will be contained in narrow vertical annular chambers with intervening air 
cooling passages. A large number of temperature measuring points will be 
installed since the design is sufficiently flexible to determine if temperatures 
above 400°C can be tolerated without creating an off-gas problem. 


Economics 


Preliminary economic studies have been made for disposing of alumi- 
num nitrate wastes by the following methods. 


Case I. Storage of the acid waste in water-cooled, underground 
stainless steel tanks. 


Case II. Caustic neutralization of the acid waste with storage in 
underground carbon steel tanks. 


Case Ill. Fluidized bed calcining. 


Case IV. Ball mill calcining. 


The estimated investments and operating costs have been developed 
from known and estimated costs of construction at the National Reactor 
Testing Station. The topographical conditions and requirements of this site 
are such as to make construction relatively expensive, therefore, it is be- 
lieved that these estimates probably represent near maximum costs. 


In preparing the cost estimates no long-term storage costs, such as 
cooling water circulation, surveillance, etc., have been included since it is 
believed that in all four cases these costs will be approximately the same 
on the basis of an initial gallon of liquid waste. Recent cost estimates for 
Cases I and II indicate that total initial investment plus chemical treatment 
will cost, repectively, $2.40 and $2.62 per gallon of original acid waste. 


For Cases III and IV the following table has been developed on the 
basis of a plant capable of processing 200 gal/hr of 200-day post-reactor- 
discharge waste for three hundred days per calendar year. The plant 
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investments are exclusive of the solids storage system but include, in addi- 
tion to the calcination equipment, various process components for recovery 


or cleaning of off-gases and solids leaching prior to commitment to final 
storage. 


Case III Case IV 
Plant Capacity 1,440,000 gallons 1,440,000 gallons 
per operating yr per operating yr. 
Estimated Plant Investment 
(excluding solids storage) $7,025,000 $10,300,000 
Direct Operating Costs $/gallon $/gallon 
Labor 0.101 0.121 
Utilities 0.111 0.212 
Total Direct Operating Costs 0.212 0.333 
Indirect Operating Costs 0.045 0.054 
Total Operating Costs 0.257 0.387 
(excluding depreciation and 
solids storage) 
Depreciation (15 years) 0.323 0.476 
Total Processing Costs 0.582 0.863 


(excluding solids storage) 


Preliminary cost estimates have been made for solids storage sys- 
tems capable of containing the calcined solids in cooled rectangular bins of 
such dimensions as to prohibit centerline temperatures exceeding 400°C for 
solids generating 23.8 Btu/(hr)(1b) (see Fig. 4). The bin thickness is esti- 
mated as approximately nine inches and the investment is estimated as 
$1.238 per gallon of original waste. For the same centerline temperature a 
5l-in. thick bin is estimated for solids generating 0.7 Btu/(hr)(lb) and the 
investment is estimated as $0.39 per gallon of original waste. These esti- 
mates have been based upon a waste which when calcined would generate 
approximately 0.75 pound of solids per gallon of original liquid. Latest 
research and development data indicate the probability of successfully stor- 
ing solids at much greater centerline temperatures with concomitant reduc- 
tion in storage costs. Also the short-term liquid storage of green waste to 
permit removal of the initial high heat evolution may prove economic. 


Others(13) have discussed in great detail the effect of waste disposal 
costs upon the economics of nuclear power. Many of the advantages of 
solids storage of radioactive wastes such as the safety aspects are very 
difficult to evaluate economically. However, it is apparent that the fluid- 
ized bed calcining of radioactive wastes should be economically competitive 
with liquid storage and less hazardous. 
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Application of Process to Other than Aluminum Nitrate Wastes 


The fluid bed conversion process is felt to be generally applicable 
to the production of solid wastes from solutions by the removal of water and 
the decomposition of salts. In order to produce a stable solid in which fission 
products will be effectively retained, it appears desirable that the wastes 
yield primarily insoluble oxides such as those of most di- and polyvalent 
metals. Nitrate salts are most easily decomposed but salts of other acids 
can probably be processed with appropriate modifications. 


If oxide-forming compounds or other high temperature-stable com- 
pounds are not initially present in the waste, such compounds might be added 
to the solution before calcination. Clay, silica, or other ceramic materials 
might form suitable solid media for the deposition of stable solids from 


Purex-type wastes containing little or no metallic oxides other than the 
fission products. 


Some preliminary tests have been made on the conversion to solid 
form of wastes simulating those produced in processing enriched zirconium 
and stainless steel fuel compositions .(14) These tests were carried out in 
the 6-in. pilot plant calciner atthe NRTS. These fluoride and sulfate -containing 
wastes were readily converted to granular solids. However, the solids pro- 
duced contained a considerable proportion of water-soluble materials. Many 
successful runs have also been made at ANL on the conversion of zirconium 
fluoride solutions to dry, granular zirconyl fluoride. 


REFERENCES 


WASH-742, Status Report of Handling and Disposal of Radioactive Wastes 
in The AEC Program, August, 1957. 


Nm 


Carnavas, T. C., and Hagen, J. W., High Purity Evaporator for Waste 
Concentration, Nucleonics, 16: 125 (1958). 





3. KLX-1377, Disposal of Radioactive Wastes in Cement, June, 1952. 





4. Manowitz, B. and Hittman, F., Progress Report on Waste Processing 
Development Project, BNL-323 (1954). 





5. Amphlett, C. B., and Warren, D. T., Fixation of Activity in Solid Form 
by Adsorption on Soi!s, AERE C/R 1686, (1956). 





6. McBay, T. N., Hamner, R. L., and Haydon, M. P., Fixation of Radio- 
active Wastes in Clay Flux Mixes, TID-7517, Sanitary Engineering 





Conference, Cincinnati, Ohio, December 1955. 





13. 


14 





sion 


ed 


= 


ing 


ny 





10. 


12. 


INDUSTRIAL RADIOACTIVE WASTE DISPOSAL 2027 


Hatch, L. P., Ragen, W. H., Manowitz, B., and Hittman, F., Processes 


for High Level Waste Disposal, Paper 553, International Conference 
on the Peaceful Uses of Atomic Energy, Geneva, 1955. 


Durham, R. W., Disposal of Fission Products in Glass, Paper No. 54 
presented at the 2nd Nuclear Science and Engineering Congress, 


Philadelphia, Pa., March 1957. 


Patrick, W. A., Use of Artificial Clays for Removal and Fixation of 
Radioactive Nuclides, TID-7519, Sanitary Engineering Conference, 
Cincinnati, Ohio, December 1955. 


Jonke, A. A., Petkus, E. J., and Loeding, J. W., A Fluidized Bed 


Technique for Treatment of Aqueous Nuclear Wastes by Calcination 
to Oxides, TID-7517, Sanitary Engineering Conference, Cincinnati, 
Ohio, December 1955. 


Grimmett, E. S., Calcination of Aluminum-Type Reactor Fuel Wastes 


in a Fluidized Bed, IDO-14416 (1957). 


Wilson, A. S., Ruthenium Behavior in Nitric Acid Distillation, HW-45620, 
(1956). 


Zeitlin, H. R., Arnold, E. D., and Ullman, J. W., Economics of Waste 
Disposal, Nucleonics 15: 58 (1957). 


Stevenson, C. E., Processes for Enriched Uranium TID-7534, 
Symposium on Reprocessing of Irradiated Fuels, Brussels (1957). 


37457 O—59—vol. 3——_14 





2028 INDUSTRIAL RADIOACTIVE WASTE DISPOSAL 


Representative Hoririecp. Our next witness is Mr. W. B. Heroy, 
of the Geotechnical Corp., Dallas, Tex. 
You may proceed, Mr. Heroy. 


STATEMENT OF WILLIAM B. HEROY,* THE GEOTECHNICAL CORP., 
DALLAS, TEX. 


Mr. Heroy. I am here in two capacities. One is as a consultant to 
Oak Ridge National Laboratory, and the other as a member of the 
Committee on Waste Disposal of the National Research Council. I 
will primarily speak as a consultant to Oak Ridge. 

1. This paper considers the possibilities of the disposal of high level 
waste in underground cavities produced by excavation or solution 
and the program of research and development by which these pos- 
sibilities are being evaluated. 

High level waste results from the chemical processing of the spent 
fuel elements removed from a nuclear reactor. The raw waste has 
three important characteristics : 

1. It ishighly radioactive ; 
2. It produces heat ; 
3. It isstrongly acid. 

Various methods for the solidification of the waste for easier stor- 
age have been developed experimentally. You have heard several 
of those, of course, described this morning. All methods of solidifi- 
cation introduce into the disposal problem an additional element of 
cost which would not be required if the waste can be safely and 
economically transported and stored in the liquid state. For these 
reasons, the experimental program described in this paper is predi- 
cated on the storage of waste in liquid form. 

Two principal methods of underground containment in geological 
formations are considered : 

1. Storage in sedimentary rocks by means of deep wells; and 
2. Storage in underground openings, either natural or arti- 
ficial, at comparatively shallow depths. 

The problems encountered in the disposal of radioactive waste in 
deep wells have been examined by a committee of the American Pe- 
eleiaen Institute, and will be discussed in a paper to be presented 
here by its chairman, Dr. Moore. 

There are several alternative possibilities for storage beneath the 
surface. Storage in quarries is considered to be unreliable because 
such openings are rarely watertight and because some means of seal- 
ing would be required to protect shallow underground waters. In 
natural caverns and shallow mines the problems of tightness and 
leakage are about the same as in surface excavations. Another pos- 
sibility is storage in deep mines, below the fresh water aquifers. 
Various types of deeper mines were considered. Coal and metal 


* Date and place of birth: Oct. 9, 1883, New York, N.Y. 

Education: bachelor of philosophy, Geology, Syracuse University, 1909; doctor of 
science, Syracuse University, 1958. 

Work history : Junior and assistant geologist, U.S. Geological Survey, 1907-12 ; geologist, 
Land Classification Board, 1913-18; chief, Division of Power Resources, 1918-19 ; advisory 
engineer, U.S. Fuel Administration, 1918-19; geologist, foreign manager, Sinclair Oil 
Corp., 1919-28; chief geologist. manager, exploration department, 1929-38; president, 
Pilgrim Exploration Co., 1939-42; Director, Division of Reserves, Petroleum Administra- 
tion for War, 1942-43; Director, Division of Foreign Production. 1943-46; Special 
Assistant, Secretary of the Interior, 1946; vice president, the Geotechnical Corp., 1946-52 ; 
president, 1952—; member, Advisory Committee, U.S. Geological Survey, 1946—; member, 
Earth Science Panel, National Science Foundation, 1956—. 
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mines are usually wet because of the entrance of water along joints, 
veins, and fissures. Coal mines usually contain explosive gases that 
require removal by constant ventilation. Under these conditions, 
the containment of liquid radioactive waste would be a difficult prob- 
lem. Space in salt domes or salt beds, or in abandoned salt mines, 
is considered to be the most promising environment. Special studies 
of the possibility of storage of waste in salt space have been carried 
out cinlkeg the direction of Oak Ridge National Laboratory. The 
research has covered all of the problems related to waste disposal in 
salt that could be foreseen. Dr. E. G. Struxness will present a paper 
which describes the investigations that have been made with regard to 
the relation of radioactive waste to a salt environment. 

2. Characteristics of rock salt: I will summarize engineering and 
geological factors that characterize salt and salt space. 

Rock salt weighs about 135 pounds per cubic foot. That is ap- 
proximately 15 cubic feet per ton. Its melting point is high, 1,475° F., 
and it has a much larger thermal conductivity than other common 
rocks. It is nonporous and impervious to the flow of liquids and gases, 
although some limited movement of fluids may occur along the faces 
of the salt crystals. It is highly soluble in water, and is chemically 
very stable. I assume that possibly some in the audience may not have 
seen a piece of rock salt. The upper surface of this core shows the 
crystals of the salt in their condition as they are mined. This will 
give you an idea of how solid and heavy a rock it is. 

Salt has considerable compressive strength, but is also plastic. At 
normal temperatures its movement is controlled by plastic flow, and 
deformation occurs slowly when salt is under pressure below the 
yield point. The pressure at which salt will yield and fracture varies 
somewhat, but tests indicate that this occurs within a range of 2,500 
to 4,000 p.s.i. By “slowly” I mean very slowly, a matter of years. 
You can see from the sample that it is a firm and solid rock. 

These unique characteristics of salt give deposits of the rock re- 
markable geological features. Because of its imperviousness, excava- 
tions in salt are practically always dry, even though the salt is over- 
lain by water-bearing strata. Because of its plasticity, any fractures 
in salt close rapidly and jointing is absent. Senne of the strength 
of the rock, large spaces may be mined out, provided that pillars of 
sufficient size are left so that the weight of the overlying rocks do 
not exceed the breaking strength of the salt. Even at depths of a 
thousand feet, two-thirds of the salt area may be removed without 
perceptible deformation of the pillars. 

In bedded salt, partings of shale and anhydrite are usually present. 
Beds 10 feet in thickness without such partings occur over large areas, 
and beds up to 30 feet in thickness without partings are presently being 
mined. In salt domes, those of the type that occur on the gulf coast, 
the salt may cover areas of several square miles and extend to great 
depths, The salt itself is generally quite pure, and most of the rock 
salt mined contains less than 3 percent of impurities. This is im- 
portant, of course, because of the possible chemical impurity reaction 
with the waste. 

3. Distribution of rock salt in the continental United States: As 
shown on the accompanying map, figure 1, deposits of rock salt under- 
lhe large areas within the United States, the total extent being of the 
order of 400,000 square miles, one-seventh of the total land area, ex- 


2030 INDUSTRIAL RADIOACTIVE WASTE DISPOSAL 


cluding Alaska. Salt occurs at economically workable depths within 
three principal areas. The Silurian area is situated in the north- 
eastern part. The salt occurs in two basins connected by a narrow 
neck. The Salina, or Appalachian basin includes parts of New York, 
Pennsylvania, West Virginia, and Ohio. The Michigan basin in- 
cludes nearly all of Michigan and part of the province of Ontario 
Canada. The Permian salt basin lies in Kansas, Oklahoma, Texas, and 
New Mexico. The gulf coast basin extends from Alabama westward, 
and includes parts of Mississippi and Arkansas, and most of Louisiana 
and the eastern part of Texas. It extends southward under the Con- 
tinental Shelf. ‘ts salt is of Jurassic age or older. A large basin with 
salt of Devonian age has been found by deep drilling in North Dakota 
and Montana, and extends northward into Canada. In all these areas 
most of the salt is at depths that are too great for economical mining, 
but it may be produced by solution by means of deep brine wells. 

In the Silurian and the Permian basins the salt occurs in bedded 
deposits that are essentially flat lying. Rock salt is mined in New 
York, Michigan, and Kansas. In the gulf coast, rock salt is found in 
thick bedded deposits at great depths. Under the pressure of the 
overburden, same of the salt has been forced upward through the over- 
lying beds as great intrusive masses which are called salt domes. Over 
200 of these domes are known. Many of the domes are deep seated, 
but others extend to the surface. Rock salt is mined from six salt 
domes in Louisiana and Texas. 

In the basins where the bedded deposits have been developed or ex- 
st by deep wells, salt has been found to be present in numerous 

eds, and with great thickness. In New York, some deep borings have 
penetrated over 500 feet of salt in several beds. In Ohio, the maxi- 
mum thickness is about 300 feet, with individual beds 50 feet thick. 
In the center of the Michigan Basin, the total thickness of salt reaches 
1,800 feet. The salt in the Kansas part of the Permian Basin reaches 
a maximum thickness of about 400 feet, and over 200 feet is present in 
several beds over large areas. In the West Texas-New Mexico part of 
the Permian Basin, the aggregate thickness of the salt is over 2,000 feet 
at the maximum, and is over 500 feet under thousands of square miles. 

An immense area in the gulf coast geosyncline is probably underlain 
by bedded salt at great depths. Few wells have penetrated the salt 
formation. The salt thickness drilled may not represent the thick- 
ness originally deposited because of flowage of the salt. The original 
thickness over large areas was probably 500 to 1,000 feet, and may have 
been even greater. Where salt domes have been intruded into the 
overlying strata, it is known from geophysical surveys and from drill- 
ing that in many cases, domes have risen over 10,000 feet above the 
source bed. Most of them are several square miles in area. Salt domes 
dre also present over a large area of the submerged Continental Shelf. 

In the West, drilling in recent years has disclosed the presence in 
North Dakota and Montana of a large deposit of bedded salt in the 
Williston Basin. The salt is found in strata of several ages, the old- 
est and thickest bed being of Devonian age. This bed has a maximum 
thickness of over 400 feet, and is found at a depth of 10,000 feet or 
more. 

The Paradox Basin in western Colorado and eastern Utah is an 
area of anticlinal folding in which salt from a thick, deep seated salt 
formation has been extruded upward along the axes of the folds, form- 
ing salt structures similar to salt domes. In a few places the salt has 
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come within a few hundred feet of the surface, but it is generally 
found in wells at depths of over 5,000 feet. 

It should be evident from the foregoing summary that the rock salt 
resources of the continental United States are of immense volume 
and extent. While no one has attempted to make a detailed estimate 
the volume of rock salt in these various basins cannot be less than 
20,000 cubic miles, and may be twice that amount. In other words, it 
is one of our most common rocks. 

The entire rock salt production of the United States, 5,841,586 short 
tons in 1957, is nearly all obtained from 12 large mines. In volume, 
this amount is equivalent to about 1,800 acre-feet. I presume you 
gentlemen from the West know that an acre-foot is an acre one foot 
deep. The quantity of salt annually produced as brine—1957, 
14,518,744 short tons—is, roughly, three times the volume produced 
as rock salt, so that our total annual production of salt is of the order 
of a small fraction of a cubic mile. In comparison with our total re- 
sources, this amount is negligible. 

4. Space requirements for waste storage: The volume of radioactive 
waste that will be produced in the future will be established by many 
variable conditions, some of which have been determined by past 
experience, while others can only be estimated or projected. Making 
liberal estimates as to what will be our total power required over the 
next 40 years, as to the total amount of energy that will be produced 
from nuclear fuels, and as to the amount and concentration of the 
waste, the volume of high activity waste that would be produced in 
the year 2000 is computed to be about 160 acre-feet, or less than 10 
percent of the salt space now being mined out annually. 

Over the 40-year period the total waste production might be five 
times this amount, or about half of the salt space now produced 
annually. 

In other words, if we were to continue to produce waste for the 
next 40 years we could still put it away in the space mined out 
now in a year in salt mines. 

It, therefore, appears that if only a small part of the space now 
being produced annually by the mining of rock salt were to be made 
available for storage of radioactive waste, the requirements could 
be met at a low cost, as the mining of the salt would have already 
borne the cost of the production of the space. It would even be pos- 
sible to mine out entirely new space in salt, especially designed for the 
storage of radioactive waste, at a very moderate cost, probably at only 
a small fraction of the present cost of providing storage at or near 
the surface. 

Representative Hontrretp. You are considering this not on the 
basis of the present volume, but on the basis of reducing it to size? 

Mr. Heroy. That is right. It could, however, be stored on the basis 
of the present volume, that is, the high level waste, within these 
figures. 

Of course, the low level waste would be a much larger volume. 

5. Considerations affecting the location of a field experiment: 
Although extensive laboratory experiments have been conducted in 
the behavior of salt in relation to nuclear waste, it is realized that 
all of the principal factors cannot be conclusively determined in the 
laboratories, but must be established by means of field experiments. 
Such an experiment in salt storage should be conducted under con- 
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ditions that would resemble as closely as possible those that would 
be present in an actual storage operation. 

In considering the location of such an experiment, preliminary 
thought was given to the broader problem of where radioactive waste 
would probably be produced in the future, and to the requirements 
for the transportation of waste from the points of production to 
the facilities for storage. It appears that most of the spent fuel 
from power reactors will be produced in the northeast quadrant of 
the United States—excluding Alaska—and that most of the waste 
produced from plutonium production will be in the northwest 
quadrant. It has been suggested that additional large scale process- 
ing plants for spent fuel will be required in the future, and that the 
first plant should be located in the north central area, which is, of 
course, the center of gravity of nuclear power production as it is now 
set up. 

The transportation, either of spent fuel or of radioactive waste, 
is a hazardous procedure and is also costly because of the expense 
of shielding and guarding the radioactive materials. Economic 
studies indicate that if the reprocessing plant could be located at or 
near the location of the waste disposal facilities, thus minimizing 
the need for transportation of liquid waste, the optimum transporta- 
tion situation could be realized. 

In other words, it would be possible to have the reprocessing plant 
and the storage plant essentially in the same place to save the trans- 
portation of the highly radioactive waste. 

6. Survey of possible experimental sites: In selecting the most 
desirable location for a field experiment in waste storage, other factors 
have necessarily been considered. Some of these are: 

(a) The willingness of the management to house the experi- 
ment; 

(b) The facilities that would be available for construction 
and operation of the test ; 

(c) The accessibility of the location ; 

(d) The costs that would be incurred under the local condi- 


tions. 

Technical considerations that affect such a determination 
include: 

(e) The depth of the salt and the corresponding weight of 
overburden; 


(f) The thickness and character of the salt bed mined; 
+g The nature of the roof and its permanency ; 
h) The stability of the pillars; 
(7) The character of the rock section below the mine floor ; 
(j) Thestability of the mine floor ; 
(k) The character of the salt section in which the final experi- 
ment would be emplaced. 

With these factors in mind, detailed consideration has been given 
to all of the possible locations in the northeastern quadrant of the 
United States, in most cases with the benefit of field examinations of 
the sites themselves. 

On the basis of the field surveys, it was determined that mines at 
Detroit, Mich., and Hutchinson, Kans. are preferable to other loca- 
tions as regards physical conditions. 

A full evaluation of these two possible sites was made. The con- 
ditions at Hutchinson are considered to be somewhat more favorable 
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than those at Detroit, and negotiations are in progress with the 
management of the Hutchinson mine to reach an agreement on the 
basis for conducting a storage experiment using simulated non- 
radioactive waste. 

7. Possibilities of storage of solid waste in salt space: At an earlier 
point in this discussion it was stated that, other factors being equal, 
it would be economically advantageous to store the radioactive waste 
in liquid form, as the solidification of the waste would be an added 
cost. If, however, the waste could be economically solidified, the 
cost of excavating tanks within the salt would be obviated. 

The storage of waste in solid form in salt space may have other 
possible advantages: 

(a) The radioactive materials stored would be more readily 
available for recovery and use in case some isotopes in the waste 
should have future value, not now foreseen ; 

(6) The solid material should be more readily removed from 
storage if, in the distant future, hazards should develop that 
are not expected. 

The storage of waste in solid form may be under the disadvanta 
that its transportation by mechanical means from the surface to the 
underground location may be more hazardous to persons than the 
transportation of liquid waste, which could be moved through pipes. 

With regard to the cost of excavation of waste tanks in salt space, it 
is expected that, in an actual storage operation, the cost should be low. 
In commercial salt mining, the average sale value of the product is 
about $6 per ton. This includes processing, marketing, and adminis- 
trative costs, so that the actual cost of mining is much smaller. It 
seems probable that, for a large-scale ear operation, the cost of 
providing space in underground tanks would be less than 20 cents per 
cubic foot. That represents, of course, only 3 or 4 cents a gallon. It is, 
therefore, likely that the cost of storing hquid waste in underground 
tanks in salt would be less than the combined cost of solidification of the 
waste and of mechanical movement to storage areas. 

8. Possibilities of storage of liquid waste in solution cavities in salt: 
In the deeper portions of the geological basins drilling has demon- 
strated that thick beds of salt are present over large areas. As salt is 
readily soluble, it is being produced in the form of brine at numerous 
plants in the continental United States. The salt produced in that way 
from brine, sells for about $4 a ton with all these other costs on it, so 
that mining by brineing is very cheap. Wells are drilled into the salt, 
and water is circulated until cavities are formed. The resulting brine 
is removed by pumping, and this process may be continued for many 
years, resulting in the formation of large caverns. These are kept filled 
with brine, and the overlying rocks are thus supported against caving. 

Another application of this process is the formation of under- 
ground storage tanks in which petroleum liquids are stored. The 
underground cavities are formed by solution, and the brine is then 
withdrawn and gasoline or other products are pumped in. As the 
petroleum products do not dissolve the salt, this method produces a 
cheap and safe storage for these flammable products. Many such 
storage plants are now used by the petroleum industry. 

. The use of this method has been proposed for the underground 
storage of radioactive waste. The experimental work to be undertaken 
in underground tanks in salt should give information that will help to 
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determine whether or not the temperature of the waste can be kept 
below the point of boiling in solution cavities. If the radioactive waste 
were to boil in an underground cavity and pressure of radioactive 
vapor built up: a hazard might be created. 

It is also difficult by the solution method to manage the shape and 
extent of the solution cavities and to insure that, in larger cavities, the 
roof will be supported against collapse. The falling of the roof of a 
canyon containing radioactive storage might have serious consequences. 
The difficulties of monitoring an experiment in the storage of waste 
under these conditions are quite formidable. 

If, as a result of further experimental work, these problems can be 
resolved, the development of solution cavities in salt in the deeper 
portion of geological basins may have advantages over storage in deep 
porous reservoirs. 

On the basis of this investigation we are now proceeding with an 
attempt to find out some of these things we want to know about the 
behavior of waste in salt. 

Representative Ho.irrecp. Your presentation is very interesting. 

Mr. Heroy. Thank you, sir. 

Representative Honir1etp. We will ask Mr. Moore, the next witness, 
to appear as the first witness at 2 o’clock. 

Unless there are questions of Mr. Heroy we will adjourn at this 
time until 2 o’clock. 

(Thereupon, at 11:55 a.m., the subcommittee was recessed, to recon- 
vene at 2 p. m. same day.) 


AFTERNOON SESSION 


Senator AnpErson (presiding). The meeting will be in order. I 
- Mr. Holifield will be here, but we will start in his absence. _ 
he first witness is Mr. T. V. Moore of the Standard Oil Co. of 
New Jersey. 
Mr. Moore. 


STATEMENT OF T. V. MOORE,° STANDARD OIL CO. OF NEW JERSEY 


Senator AnpErson. Will you state your name for the record? 

Mr. Moore. My name is T. V. Moore. I am in the Producing 
Coordination Department of the Standard Oil Co. of New Jersey. 
_The petroleum industry, as a result of its work to improve produc- 
tion practices in the interest of conservation, has developed an exten- 
sive technology of injecting fluids into deep wells. Because this 
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technology might have some application to the disposal of radioactive 4 
waste, the division of production of the American Petroleum Institute } tior 
was requested to appoint a small committee to review the problems | loc: 
involved; to consider, in a preliminary way, the feasibility of the | wit 
method; and to call attention to those practices of the petroleum 5 
industry which may be useful in such a disposal system. be | 
I was appointed chairman of this committee, the other members } stu 
being— wel 
C. I. Alexander, Magnolia Petroleum Co. suit 
Gerhard Herzog, the Texas Co. be 
W.S. Morris, East Texas Salt Water Disposal Co. 6 
J.W. Watkins, U.S. Bureau of Mines. sele 
Milton Williams, Humble Oil & Refining Co. pos 
This group met on several occasions with members of the staff of | any 
the Atomic Energy Commission, the Hanford Atomic Works, and S 
the Oak Ridge National Laboratory to discuss the problems of radio- | ord 
active waste and the present practices for its derendl. pos 
In October 1958, our committee submitted a report setting forth ) 
our conclusions in considerable detail, copies of which have been | the 
furnished to Mr. James T. Ramey, Executive Director of the Joint | to 
Committee on Atomic Energy. the 
Our committee recognizes the following major problems associated ] 
with the development of a system for disposing of radioactive waste | vol 
in deep wells: sev 
1. A suitable disposal reservoir must be clearly defined and must | hw 
be capable of confining radioactive waste solution for indefinite ] 
periods. wo 
2. The heat generated by the radioactive material must be safely | 2 
dissipated. 
3. The disposal reservoir must be protected against damage such | 
as fracturing, premature plugging, or other causes. ” 
4. The failure of equipment as a result of corrosion or other causes 
must be prevented. 
5. An economical] disposal plant must be designed and safe operat- 1 
ing procedure must be developed. ya 
Our committee, on the basis of its consideration of these problems | ™ 
reached the following conclusions: 
1. The disposal of radioactive waste from fuel processing is a sig- 
nificant element in the cost of atomic power. While safety is of para- | of 
mount consideration in the selection of waste disposal methods, cost | 
is the factor that will govern the choice of safe disposal processes. | 
The economic aspects of waste disposal will receive greater attention | In 
when atomic energy starts to compete in the market for industrial and 
domestic power. fo 
2. Radioactive waste can be disposed of safely by injection through | "Pp 
deep wells into porous rocks. Obviously, there is a limit to the amount | "! 
of radioactive waste that can be stored without danger in any par- 
ticular reservoir. The data required for estimating the safe storage | ™ 
capacity of a particular reservoir can be obtained by laboratory ex- F 
periments and field tests. It is not possible to state with information | “ 
now available, whether or not disposal in deep wells will be better | °° 
than other methods. ‘y 
3. The solution of the many problems associated with the disposal " 





of radioactive waste in deen wells will present difficulties but no in- 
surmountable obstacles are indicated. 
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4. Reliable cost estimates cannot be made on the basis of informa- 
tion now available, but preliminary considerations suggest that in some 
locations, the cost of disposal in deep wells might compare favorably 
with that of alternate disposal systems. 

5. Many of the problems associated with deep-well disposal could 
be clarified through a program of laboratory work and theoretical 
study. If such studies confirm the preliminary conclusion that deep- 
well disposal could be economic under favorable circumstances, the 
suitability of a particular reservoir chosen for disposal purposes can 
be tested in the field prior to the injection of radioactive waste. 

6. A site suitable for the disposal of radioactive waste should be 
selected through geological and geophysical exploration. The dis- 
posal of radioactive waste in association with secondary recovery or 
any other oil producing operation is not recommended. 

Senator Anprerson. Someone has sent forward a question: What 
order of magnitude of elapsed time and money is involved in the pro- 
posed test program ? 

Mr. Moore. I think there are two parts to such a program. One of 
them consists of more or less general studies that would be applicable 
to almost any condition. That would be largely a laboratory and 
theoretical investigation. 

It is difficult to forecast exactly what such a program would in- 
volve, but I think it could be a modest program, which would involve 
several man-year’s work and probably would cost a small number of 
hundred thousand dollars. 

Later, in any particular area, work would have to be done that 
would be specific to that area. That would involve more fieldwork 
and would be somewhat more expensive. 

I would guess that perhaps a cost in the order of a million, more 
or less, dollars and work extending over 2 or 3 years would be 
required. 

epresentative Ho.trretp (presiding). Mr. Van Zandt? 

Representative Van Zanpr. On page 2 you say here— 

The solution of the many problems associated with the disposal of radioactive 
waste in deep wells will present difficulties but no insurmountable obstacles are 


indicated. 

What are some of the difficulties ? 

Mr. Moore. There is always the possibility of, for example, failure 
of tubing in some of the wells due to corrosion, leakage, mechanical 
troubles and things of that kind. 

_ Representative Van Zanpr. This is tubing that would be inserted 
in the well if this program were to become a reality ? 

Mr. Moore. That is right. There is always a possibility that the 
formation in which you were injecting the waste might get plugged 
up. I think after you have injected enough waste you would expect 
itto become plugged. 

I think that the feasibility of the process depends entirely on how 
much waste you could inject before the formation becomes plugged. 
Iam sure there are going to be some serious problems with the in- 
strumentation to monitor the area to find out where the waste is 
going. We think that these are problems that can be solved through 
iprogram of study. 

_ Representative Hoxtrretp. Isn't it true that you have these wells 
in many areas of the country and I am thinking now of some arid 
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areas, probably in Texas, some of the Western States, where oil wells 
have been drilled down to 10,000, 12,000, or 13,000 feet in some in- 
stances and oil and gas have been recovered from those areas to the 
point of exhaustion, and this leaves substantial area in there which 
may or may not have been filled with some types of old line salt 
water, but which is available for the pumping under compression of 
materials down into that through your pipe. 

I know in California, for instance, in my hometown, the gas com- 
panies have recently bought a whole zone of the Montebello oilfield 
there which is an exhausted zone and they are pumping in gas from 
Texas, using it as storage. 

There is another project down in Maryland where the Sn 
Gas Co. is buying property down there to store gas underground. 

I am thinking about these large areas which cave been exhausted 
in a deep well in arid country where this particular strata might be 
much lower than any of the fresh-water streams, underground 
streams, that are above it, and why couldn’t this liquid waste be 
pumped into those caverns even though it had to be pumped in under 
pressure ¢ 

You and I both know that you can seal off these pipes by cement- 
ing, and a frequently do it at different levels. ey seal it off in 
stratas of oil and gas production and drill to it and go on down to the 
next point. 

Mr. Moore. That is a possibility and it is one that we considered. 
Of course, you cannot rule it out. However, in many of these older 
fields there are a lot of old wells, and we do not know exactly how 
well these wells were completed. 

Representative HottrrEtp. Sealed off. 

Mr. Moore. Sealed off. There is a possibility of leakage or dam- 
age through the old wells and our group thought that it would per- 
haps be safer if you could find a suitable formation that was not asso- 
ciated with any oil production, which had not been tapped before, and 
where you would have complete control of everything that was done 
to that formation. 

Senator Anperson. Are you connected with the geology work of the 
company in any way ? 

r. Moorr. Yes, in a general way. 

Senator Anperson. Are you familiar with the so-called Delaware 
Basin out in my State ? 

Mr. Moore. Generally, yes, sir. 

Senator AnpErson. They have drilled wells there down to about 
13,000 feet and I think they were dry most of the way. There was 
a little oil here and there but most of it was dry. I know of a well 
where the casing had not been set because they had no production. 

Would not that be a place that might lend itself to this sort of 
thing? I am only trying to find out what you mean by areas of 
this nature. Here is 13,000 feet. I think the production probably 
around it is at 10,500. It is several thousand feet below the imme- 
diate areas that are producing. 

Would it be down far enough to cause no trouble? : 

Mr. Moore. I think that is a possibility. As I say, I am not familiar 
with the details of the geology in that particular well but that is the 
kind of thing that we were thinking about. ih 

Senator ANDERSON. It would not bother anything else? No oil is 
production in or around that area. 
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Mr. Moors. I think it would be preferable to put this in an area 
where there was no oil production or no really good prospects for oil 
production. 

Representative Hosmer. Mr. Moore, it seems to me if you take one 
of these oilfields which it has been thoroughly drilled and the geology 
is known, and location, and so forth you can pretty well determine 
what you could do by way of injection. 

You talk in your statement about laboratory experiments and so on 
and so forth but I cannot detect from the statement or a quick re- 
view of this report any illustration of an actual piece of property 
oe the characteristics are well known and theoretically applying 
this. 

Mr. Moore. Well, there are several formations in the gulf coast 
that we know about that would be suitable for this if it were not for 
the association with the oil production. There are quite a number all 
over the country. 

Representative Hosmer. I am talking just about specifically picking 
out some area where the geology is well known and working the prob- 
lem out. You left us with so many questions to be answered. I was 
wondering if we couldn’t get some in that way. 

Mr. Moors. Yes, I think one of the recommendations in our re- 

rt was that a thorough study be made of all of the sedimentary 

asins in the United States with a view of picking particular areas. 

One area that intrigued some of us who were on this committee 
was the Atlantic coastal plain. 

Senator ANDERSON. Yee may know of a few people who have un- 


successfully tried to hit something along the coast of the Carolinas. 


Do you know that it is pretty well believed that there is no oil south 
of the Colorado River in Texas? At least I tried to find it a few 
times and couldn’t. 

Would you choose an area like that where the wells are not very 
deep; would you go over to the Delaware Basin where they are ex- 
tremely deep, or would you go to the Carolinas practically anywhere 
you want to and go down a couple of thousand feet where nothing 
has ever been discovered ? 

What kind of an area are you looking for? 

Mr. Moore. We drilled a couple of wells on the Carolina coast 
about 9,000 feet deep. Down at the bottom of those wells there was 
avery thick section of porous, very permeable, sand that would have 
= of the characteristics that we think are desirable for this kind 
of thing. 

I really hate to pinpoint an area because it is going to take some 

detailed geological study, but I am just trying to cite an example of 
a particular area that might be suitable. 
_ Senator ANperson. You would stay away, for example, from areas 
in Mississippi that still seem to have some possibilities and have not 
been drilled deep? You might have a thousand-foot well along the 
Atlantic coast that is reasonably deep, but you can find many areas 
where that is not true. 

You would go into some area like that, in general? I am not trying 
to pinpoint it either because that is hard for you to do, but I am just 
trying to find the type of area that you prefer. 
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You would choose the Carolina coast as against something in the | 4 
tidelands areas of Texas and Louisiana that would be deep but not | f 
productive? dov 

Mr. Moore. We would prefer that for the first operation. After we | } 
knew something about it, we might find out that we can operate in such I 
areas as, say, the Texas Gulf Coast, or some of the sand areas of west | pal 
Texas, but in order to be absolutely safe, we would prefer to stay away | R 
from the oil-producing territories at first. inte 

We might later learn that we can do it. I 

Representative Hosmer. What do you calculate the quantity of } 4¢ 
waste would be that you would be putting down in one of these wells? | ¢,, 
You get 20,000 barrels a day down in a good injection well andI | 
think a lot more than that in more modern ones, so you are going to | o¢; 
run out of material pretty fast at that rate. the 

Mr. Moore. Maybe we wouldn’t because we recommend that the | 
relatively high-level waste be diluted. os 

Representative Hosmer. Yes. po: 

Mr. Moore. So it would depend entirely on your factor of dilu- | 5, 
tion. Now, I would think that we would want a well that would take | 
a few thousand barrels a day of total fluid and the concentration of | jit 
high-level waste that you would put in that I think would depend on | ,, 
the particular plant, the nature of the waste, the specific circumstances | | 
that prevail. tre 

Representative Hosmer. You want to cut down your heat concen- | 1, 
tration, too. i 

Mr. Moore. That is right. 

Representative Hosmer. Still we are not talking in any amounts of | ° 
an injection like you are talking about when you are repressuring oil | ,, 
fields. “ 

Mr. Moore. No. 

Representative Hosmer. This is just a peanuts operation, is it not? 

Mr. Moore. Well, we got the impression that some of these large | ,, 
fuel procesing plants might have quite a large quantity of high-level | |¢ 
waste associated with it and to dilute that down to a concentration 
which we would feel reasonably safe in handling would probably mean | ,, 
a significant rate of injection. 

As I say, we are thinking, guessing, something of the order of a few | ,, 
thousand barrels a day of total fluid. fe 

Representative Hosmer. You are probably not going to have more 
than a barrel a day to put in. be 

Mr. Moore. I thought we probably would. is 

Representative Hotirretp. 52 million gallons are now in storage at 
Hanford. « 





Representative Hosmer. Take that number in barrels and divide it 
by the number of days a year and you would probably find you would 
be putting all that stuff down. 

Mr. Moore. That is a little over a million barrels and that is fairly 
high-level stuff. 

Representative HoxtFre.p. It is high level. 

Mr. Moore. Diluted by a factor of 20 or 50, that would be 20, 50 
million barrels you would have to dispose of and at, say, a thousand 
barrels a day, that would be, oh, a 15-year operation. 

Representative Hosmer. You are not going to get any thousand 
barrels a day. 
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Mr. Moore. Sir? 
Representative Hosmer. I mean you can use wells that would put 
down a great deal more than that. 

Mr. Moore. Oh, yes, certainly you could. 

Representative VAN Zanpr. I notice on page 2 there, you say in sub- 
paragraph 2: 








Radioactive waste can be disposed of safely by injection through deep wells 
into porous rocks. 

Using our imagination, would it be possible to find the type o% rock 
and then drill wells that would be competitive with existing disposal 
facilities from a cost standpoint ? 

Mr. Moore. I think so. I think in general, there is enough known 
of the general geology of the country to be able to say generally where 
these locations are likely to be found. 

Representative Van Zanpt. With your knowledge of geology, 
would you say that it would be possible to establish we will say, dis- 
posal areas, geographically throughout the United States to meet the 
needs of the atomic industry as it develops ? 

Mr. Moore. Once the practicability of this had been tested and a 
little bit more specific information had been developed relative to what 
was involved in the operation, I think that that could be done. 

Representative Van Zanpr. In other words, we would cut down the 
transportation of this waste material which has a certain amount of 
radiation that could be disastrous if it become involved in an acci- 
dent ? 

Mr. Moore. Yes. 

Representative Van Zanpt. Being from Pennsylvania I am just 
wondering what value the many abandoned oil wells in Pennsylvania 
may have in this program. 

Senator Anperson. They might be pretty shallow. 

Mr. Moore. They would be shallow and a great many of those wells 
were drilled a long time ago but the records are not too good on many 
of those wells. 

- would hesitate to suggest that you put them in old fields of that 
ind. 

Representative Van ZAnpT. A moment ago you indicated that you 
would not want to develop a disposal area in, or adjacent to, an oil 
field. Is that for fear of contamination of the oil field itself ? 

Mr. Moore. For fear of contamination of the oilfield and also, 
because of the possibility of leakage through these old drill holes that 
might not have been properly cemented and properly abandoned. 

Representative Van Zanpr. Using our imagination, can you de- 
sxribe what a disposal area might look like in years ahead after the 
R. & D. effort has been completed ? 

Mr. Moore. Yes. I would imagine that there would first be a plant 
for chemical processing, and filtration of the high-level wastes. We 
may have to store it for some time to let it decay a little bit. 

The waste might have to be filtered. There may be some chemical 
treatment involved to make it compatible with the water so that you 
didn’t precipitate something from the water that would plug the 
formation. 

Then I think that associated with this would be some wells in the 
same formation, same reservoir, in which you are going to dispose of 
the waste that would take water out of that formation in order to lower 
the pressure. 
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By lowering the pressure in the formation in which you are goin 
to inject the waste you could fix things so that if any leakage oconrel 
it could be leakage from the outside into the contaminated area rather 
than from the contaminated area out. 

I think we would want to conduct an operation that would involve 
some ordinary, normal producing wells for producing salt water from 
the area to be contaminated. Then there would be a plant with the 
necessary pumps and equipment with two or three injection wells, 
These would be the wells into which the waste would be pumped, 
These wells would have to have proper shielding. The piping would 
all have to be shielded. These wells would have a lot of special alloy 
pipe in them, things of that kind. 

Then there would still be some other wells around that would be 
used for instrumentation and monitoring purposes, so you could trace 
the waste as it went out, and you could get some kind of check on where 
the waste is going. 

We think that the area involved might be, oh, 50,000 to 100,000 
acres. It would not be—certainly shouldn’t be—land which was valu- 
able from the surface. If, for example, some coastal location were 
possible, I am sure there would be a lot of swampland or even bay area 
that could be used for the purpose. 

Senator ANpERson. You said put down pipe that can take care of 
this high radiation. Do I understand that you are going to use aban- 
doned fields that still have pipe in them, a then try to put down new 
pipe with shielding in it ? 

You know, it is hard enough to handle the pipe in existing wells 
without putting down a lead pipe. How would you handle 10,000 feet 
of lead pipe? 

Mr. Moore. The shielding I was thinking of would be at the sur- 
face, piping from the plants to the pumps and things of that kind. 

Representative Van Zanpr. What would you do with the salt 
water / 

Mr. Moore. The salt water that would be produced would be 
handled two or three ways. You would use part of it to dilute the 
waste with. The excess could be reinjected into another porous sand 
body, that would be, say, above the disposal area. 

Representative Van Zanpt. This area would be posted, would it! 

Mr. Moore. I certainly think it should be. 

Representative Hoxirietp. The point you brought up about using 
an old field is a very valid point because in most of these old fields 
there are improper records of whether the pipe was cemented off at 
different levels and whether it was taken out or lost in the hole and 
all that sort of thing. 

I lived in the middle of the oil field in California. In fact, I have 
an abandoned oil well on my property. It was drilled before I bought 
the property and I have no oil interest in it, sorry to say, but no one 
knows the history of these wells in any development field. 

Wildcatters and stock companies and so forth went in and they had 
very irregular operations. Now, on your big leases, like your Stand- 
ard leases and Shell and a few of those big companies, they have 
pretty complete records of each hole. Where these little second wells 
were drilled, wildcatter wells, there were very poor records. 

You put that down one place and it agile be coming up in another. 

Are there any further questions ? 





re of 
aban- 
1 new 


wells 
0 feet 


2 sur- 
d. 
> salt 


Id be 
te the 
; sand 


ld it! 


using 
fields 
off at 
le and 


[ have 
ought 
10 one 


ry had 
¢ and: 
r have 
| wells 


ot her. 


INDUSTRIAL RADIOACTIVE WASTE DISPOSAL 2043 


Representative Hosmer. I want to ask has any thought been given 
to grouting this stuff into suitable formations ? 

Mr. Moore. Grouting the waste? 

Representative Hosmer. Yes. 

Mr. Moore. Yes. The Continental Oil Co., has considered that and 
some of the engineers with that company I think, feel that a practical 
method could be developed of making some kind of a slurry that will 
set into a kind of cement and injecting it through fractures created 
in a relatively impervious formation, such as shale. 

Representative Hosmer. Thank you. 

Chairman DurHam. Did your committee try to assess or determine 
how much storage is available in this kind of a method in being at 
the present time, or is that impossible ? 

Mr. Moorse. I am sure that the availability of the storage is so large 
that it would be tremendous in comparison with any amount of -—— 

Chairman Durham. Would you hazard a guess as to how much is 
available if this thing does work out ? 

Mr. Moore. I would say many hundreds of times the requirement 
for, say, 100 years or so, but the problem there is while the total 
capacity is available, it may not always be available at the exact spot 
that you want it. It isnot available all over. 

Chairman Duruam. I realize that, but I think you are right in 
stating here that it would have to be a pretty active determination 
of the geophysical and the geological strata and everything else in- 
volved in such an operation. 

hat would have to be done by drilling outside your hole. 

Mr. Moore. It would be, yes. 

Representative HorirreLp. There would be something done toward 
locating these processing plants in areas near to a disposal area in 
the future. Of course, we are hooked with some of them now like at 
Hanford. It would be very difficult to take that 52 million gallons 
and transport that material to a permanent place. 

Mr. Moore. I think that might be one of the main merits of a dis- 
oe system of this kind. It might give you a little bit more flexi- 

ility in locating your plant next to a disposal system. 

The system that Mr. Heroy described this morning of using salt 
mines, I am sure is a very fine system, but if there were other com- 
pelling reasons for locating plants outside of areas in which these salt 
mines were available this might have some merit. 

Representative Horirretp. Considering the expense that we are go- 
ing to now in building these steel tanks and concrete canyons and so 
forth, to handle this material, I think it behooves us to get on with 
the job of finding out what we can do about this as quickly as possible 
because it is obvious, when you are paying $2.60 to $4.90 a gallon to 
dispose of this, that you are going to affect the effects of power pro- 
duction very sharply and the Governnient cannot keep on absorbing 
this if we are going to have a true picture of the economics of atomic 
power. 

Are there any further questions of Mr. Moore? 

If not, thank you very much, sir, for your testimony. 

(The formal statement of Mr. Moore, in the form of a report by 
the Subcommittee on Disposal of Radioactive Waste of the American 
Petroleum Institute follows :) 
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SUMMARY 


Among the major problems in a system for disposing of radio- 
active waste in deep wells are (1) containment of the waste in suitable 
reservoirs, (2) dissipation of the heat generated by radioactivity, (3) 
protection of the disposal reservoir against damage by fracturing or 
plugging, (4) corrosion. The subcommittee submitting this report is 
of the opinion that all of these problems can be solved and that a safe 
deep well disposal system for certain kinds of waste can be developed. 


As the technology of atomic energy advances, the merits of 
various processes for waste disposal will be determined by economic 
considerations. Sufficient data are not available to permit good cost 
estimates to be made, but preliminary estimates suggest that, for 
favorable locations, deep well disposal might be one of the more eco- 
nomical means for handling waste. For this reason, further study 
of the process may be justified. 


This report outlines several investigations which the subcommittee 
believes would be important elements of such a study. 


Re 
THE BACKGROUND OF THE A.P.I. SUBCOMMITTEE 


This report on the problems associated with the disposal of radio- 
active waste in deep wells was prepared by the A.P.I. Subcommittee 
on the Disposal of Radioactive Waste on the basis of investigations 
extending over a period of several months. This subcommittee was 
established on July 3, 1957, by direction of the Executive Committee 
on Drilling and Production Practice (this committee is one of the major 
committees which plans the activities of the Division of Production of 
the American Petroleum Institute), as a result of a request by repre- 
sentatives of the Atomic Energy Commission for the assistance of the 
petroleum industry in studying the waste disposal problem. The sub- 
committee was established without specifically defining the nature and 
scope of its assignment, and, accordingly, the subcommittee itself 
had to determine its objectives during the course of discussions with 
representatives of the Atomic Energy Commission and other interested 
organizations. Before preparing this report, the subcommittee held 
the following meetings: 


1. At Chicago on November 10, 1957, for organization. 


2. At Oak Ridge on January 21-24, 1958, for discussions 
with the staff of the Oak Ridge National Laboratory. 


3. At Dallas, February 6, to decide on scope and plan for 
Committee activity. 
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. At Hanford from March 31 to April 4 for similar discussions 
with the staff of the Hanford Atomic Works. 


. At Colorado Springs, May 7-8, to prepare preliminary 
outline of subcommittee report. 


. At Kilgore from May 19 to May 23 for a review of technical 
problems with members of the staff of the Atomic Energy 
Commission, the Oak Ridge National Laboratories, the 
Hanford Atomic Works, and the U. S. Geological Survey, 
and to prepare a preliminary draft of this report. 


. At Houstor, on October 7, 1958, to revise the preliminary 
draft on the basis of the helpful comments and suggestions 
received from several sources. 


The subcommittee also arranged for a visit of the members of the staff 
of several organizations interested in the problem of radioactive waste 
to oil field installations and research facilities of several major oil 
companies and service companies in Texas and Oklahoma during the 
period May 12 to May 20, 1958. 


II. 


OBJECTIVES OF SUBCOMMITTEE 


Storage in porous rocks at depth is only one of several methods 
for handling radioactive waste. It is probable that, as the technology 


of atomic power develops, many kinds of disposal systems will be used, 
the choice of specific systems depending in part on the nature of the waste 
and the locations of the processing plants. Ultimately, the economics of 
the disposal process will have to be taken into account, and preliminary 
considerations indicate that, if deep well disposal can be used at all, the 
associated costs will compare favorably with the costs of other methods. 
This is a major reason for careful consideration of the feasibility of 

deep well disposal. 


In planning its activities the A.P.I. subcommittee has attempted 
to reach four major objectives: 


1. To review, with the experience of the petroleum industry 
as a background, the problems of deep well disposal and 
to arrive at some tentative conclusions as to the proba- 
bility of successfully solving these problems. In this the 
subcommittee confined its investigation to the practical 
and economic considerations of disposal in deep wells, 
and did not attempt to make comparisons with or evalua- 
tion of other disposal methods. 
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2. To call to the attention of the Atomic Energy Commission 
and their contractors those parts of the technology of the 
petroleum industry which might be useful in the develop- 
ment of a safe and economical process of deep well disposal. 


3. To suggest specific approaches to the problem which might 
help to guide research, development, and pilot operations. 
In doing this the subcommittee presents some very rough 
preliminary figures indicating the order of magnitude of 
the cost which might be involved in deep well operations. 


4. To indicate to the A.E.C. and their contractors some studies 
which the subcommittee felt could be profitably undertaken 
in the development of a deep well disposal process. Most 
of these have been previously suggested by others, and 
some are under active investigation. They are listed here 
in order to give some feeling for the magnitude of the re- 
search and development program that might be associated 
with the development of the deep well disposal system.. 


Ill. 
PROBLEMS IN DEEP WELL DISPOSAL 


In considering the technical problems, the subcommittee has 
concluded that an aquifer* for disposal purposes must be deep enough 
to preclude any possibility of contamination of potable ground water or 
the surface of the earth. In some areas the required depth may be 


fairly shallow; in others it may be quite deep. However, it is probable 


that at the first deep well disposal site the aquifer should be deeper 
than 3,000 feet. 


*The term ‘aquifer’ is used by petroleum engineers in its broad sense 
to describe water bearing geologic strata. Some hydrologists use 
the term in a more restricted way to refer to shallow beds which 
are sources of fresh water. To avoid confusion, some members of 
the staff of the United States Geological Survey have used the term 
"salaquifer'' to define porous and permeable beds or formations 
situated several thousand feet or deeper in the earth which are 
saturated with salt water and which lie below the potable water zone. 
Thus, the term "'salaquifer" describes the kind of reservoir which 
the subcommittee has considered for waste disposal. However, in 
preparing this report, the subcommittee is reluctant to adopt terms 
not yet in general use, and it will use the term "aquifer" in its 
broad definition. 
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The principal problems to be solved in the development of a safe 
method of deep well disposal are the following: 


1. The disposal reservoir must be clearly defined and must 
be capable of confining radioactive waste solution for 
indefinite periods. 


2. The heat generated by the radioactive material must be 
dissipated at a sufficient rate to prevent excessive 
increase in temperature. 


3. The disposal formation must be protected against damage 
such as fracturing, premature plugging, or other causes. 


4. The failure of disposal well equipment as a result of corro- 
sion or other causes must be prevented. 


5. An economical disposal plant must be designed and safe 
operating procedure must be developed. 


IV. 
FLUID CONTAINMENT 


The success of any system for disposing of radioactive waste in 
deep wells depends upon the ability to confine the waste in a suitable 
formation of porous rock for indefinite periods of time. Of the many 
kinds of porous geological formations that are known, there are some 
that appear definitely unsuitable because of possible communication with 
the surface or with other porous beds that contain potable ground water 
or other valuable minerals. Nevertheless, there are tremendous areas 
in which geological formations which would provide suitable reservoirs 
for the storage of radioactive waste might be found. 


The kind of rock which would be most favorable for waste storage 
would depend upon the chemical nature of the waste. Most raw high-level 
waste from the present processing plants is strongly acid, and it is prob- 
able that porous limestone would not be suitable for the storage of an acid 
waste. There are also other reasons for questioning the suitability of 
limestone reservoirs for waste disposal. First, porous limestone beds, 
lenses, and reefs tend to be developed around the margins of sedimentary 
basins; basin margins are also major areas of petroleum exploration and 
production. Second, fracturing and the presence of channels character- 
istic of many limestone reservoirs would greatly complicate the problems 
of adequate containment and monitoring of the injected fluids. Third, the 
continuity and uniformity of porosity in a limestone are generally uncertain. 
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Thick shale formations in which fractures exist or can be created 
are a second type of rock which could be used for storage of fluids. The 
problems of containment and monitoring would be essentially the same 
in a fractured shale as in a fractured limestone. Further, the storage 
capacity in a fractured shale would usually be less than in other kinds of 
rock. 


These considerations tend to focus attention on sandstones or beds 
of unconsolidated sand as suitable reservoirs for waste disposal, although 
it is not possible in any preliminary consideration of the problem to rule 
out any class of porous rock. One type of structure which appears favor- 
able for waste disposal is the closed sand lens bounded on top and bottom 
by nearly impervious rock such as shale. Such alens might at one time 
have been an offshore sand bar or a segment of a river channel. Obviously, 
a considerable number of wells would be required to establish the fact 
that any given sand body was lenticular and to delineate its boundaries. 
Upon finding such a lens at a suitable location, two additional problems 
would arise; the first of these would concern the isolation of the lens from 
other permeable strata. This could be investigated by a suitable test 
program involving the production of water from the lens and the measure- 
ments of pressures over a suitable period of time. The second problem 
would concern the ability to maintain the hydraulic isolation of the lens 
over the required period during which the waste is to be stored. This 
would depend to a considerable degree on the manner in which the disposal 
operations were carried out and on the adequate surveillance of the site 
even after disposal operations had been discontinued. It would be neces- 
saryin such a formation to withdraw a volume of water equal to or greater 
than the volume of the injected waste. Suitable measures would have to 
be taken to prevent the generation of excessive pressures due to any heat 
developed by the radioactive material. 


While closed sand lenses could probably provide suitable waste 
disposal locations, there are certain advantages to extensive aquifers for 
waste disposal. These are found at depths of several thousand feet over 
wide areas in the United States. They consist of beds of porous rock rang- 
ing from a few feet to several hundred feet in thickness. A typical aquifer 
suitable for waste disposal might consist of a series of inter-bedded sand 
and shale with a thickness of one or two hundred feet or more. Its areal 
extent might be many thousand square miles. It would be bounded on top 
by a layer of impervious rock of substantial thickness. The staff of the 
Oak Ridge National Laboratory has pointed out the advantage of a thick 
formation of rock salt to provide such a cover, although a thick section of 
shale would also be satisfactory. Petroleum technologists have made ex- 
tensive studies of the movement of fluids in such aquifers, and they have 
developed a good understanding of the relation between the rate of fluid 
movement, the permeability of the rock, and the pressure distribution in 
the aquifer. With data obtainable from well logs, analyses of core samples, 
and data on wells as fluid is produced from or injected into the aquifer, 
the fluid movement can be predicted with acceptable accuracy. Furthermore 
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by producing or injecting fluids at selected points, the fluid movement 

is controllable. Any reservoir of this kind could be subjected to thorough 
testing to provide assurance that the fluids could be controlled and that 
the injection operations would not induce fracturing of the rock which 
might lead to uncontrolled migration of the waste. By providing wells 

at suitable distances from the injection well in which measurements of 
radioactivity could be made, the advance of the waste solutions could be 
monitored and any serious deviation from the predicted path of movement 
could be observed and controlled. 


To insure confinement of the waste in the area selected, it might 
be advisable to create an area of low pressure around the disposal wells 
by producing water at a rate somewhat in excess of the rate of waste 
injection from a few bleed wells surrounding the disposal site. Under 
such circumstances, the fluid movement would tend to be a movement of 
water into the zone selected for waste disposal rather than the leakage 
of waste out of the zone. 


It is recognized that the confinement of waste in deep reservoirs 
presents many difficult and serious problems. However, it is believed 
that there are extensive areas in which suitable reservoirs for storage 
of the waste can be found, that the suitability of a reservoir can be ade- 
quately tested before the injection of radioactive material, and that with 
a properly designed and operated system, the waste can be safely con- 
fined and retained. 


V. 
HEAT DISSIPATION 


There is some concern that heat from strong radioactive waste 
may result in exorbitant temperature rise in the aquifer, with accompany- 
ing danger of damage to the disposal operation. Fortunately, it is 
possible to estimate, by computational methods now used in the petroleum 
industry, the temperature rise to be expected. Control of the maximum 
temperature may be achieved by storage of the waste for some time prior 
to injection into the aquifer or by dilution of the waste. Even though the 
dilution may result in relatively large volumes of waste, the operation 
should present no formidable problems. In some existing salt water 
disposal operations, for example, as much as 20,000 barrels of salt 
water are injected per day in a single injection well, although such high 
injection rates are attained only in thick sections of high permeability. 


With regard to the question of the temperature permissible in the 
aquifer, a requirement that the liquids be maintained below the boiling 
point would undoubtedly set a safe limit. This temperature is computable 
from the hydrostatic pressure expected at a particular depth. Ata 
depth of 5,000 feet, for example, the hydrostatic pressure in the aquifer 
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is normally about 2300 psi and the earth temperature usually somewhat 
less than 200° F. The vapor pressure of water approaches this hydro- 
static pressure only when the temperature reaches about 700° F. 
Arbitrarily, then, the temperature desirable might be taken as that 

which will yield a vapor pressure of, say, 2000 psi. This temperature 

is in the vicinity of 630° F, which would permit a temperature rise of 
more than 430° F. Selection of a temperature in this range would, under 
the assumed conditions, provide an ample margin of safety. Indeed, 
unless the waste is confined in a closed lens, vaporization of water should 
not be particularly harmful. There is a possibility that some endothermic 
reactions involving reservoir materials might take place as temperatures 
in the aquifer approach about 500° F, which would result in the absorb- 
tion of heat. High temperatures per se should not be damaging to the 
aquifer. Evidence obtained during the course of in situ combustion opera- 
tions for oil recovery indicates that temperatures as high as 1400° F. 
have been experienced in a producing oil sand with no significant damage 
to the sand structure. 


Laboratory investigations carried out by the petroleum industry in 
connection with water flooding operations have shown that ions foreign to 
the interstitial water are usually adsorbed on surfaces of the rock parti- 
cles. Some fixation occurs even in comparatively clean sands, and the 
amount sorbed may become quite large if the rock contains much clay or 
silt. Some consideration has been given to the possibility that, in a dirty 
or shaly sand, fixation of radioactive elements by adsorption in the 
vicinity of an injection well might result in an unduly high concentration 
of radioactivity with production of a localized thermal high. . Where 
several radioactive elements are present, as in the case of actual waste, 
there is the further possibility of a chromatographic separation, con- 
centrating particular radioactive elements in annular rings and causing 
zones of high temperatures. Generally, the experience of the petroleum 
industry in drilling mud technology and in well rejuvenation indicates 
that adsorption of most metallic ions decreases with increasing tempera- 
ture. In the event of a localized buildup of radioactive elements by 
adsorption, the consequent generation of heat would serve to desorb 
some of the radioactive material, thus reducing the rate of localized 
heat generation. Inasmuch as the fixation of the radioactive ions serves 
‘to confine positively a part of the waste, there is a considerable benefit 
to be derived from adsorption of waste in proper amount. 


An important point to be made here is that, either by storage prior 
to injection or by dilution, the specific radioactivity of the waste going 
to the disposal wells can be governed, and the maximum temperature 
developed can be controlled by proper design and operation of the disposal 
system. Certainly the generation of heat may be one of the factors which 
limits the capacity of a particular disposal plant, but this would affect 
the economics, rather than the ultimate safety, of the operation. 
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VI. 


DAMAGE TO AQUIFER 


A deep formation used for disposal purposes may be damaged 
from either or both of two principal causes: 


l. Fracturing of the formation. 
2. Loss of permeability due to plugging. 


If the pressure of the injected fluid increases above some critical 
value, the formation will rupture, allowing irregular and uncontrolled 
flow through the resulting fractures. Experience in the petroleum 
industry shows that damage of this kind will probably be confined to 
the disposal reservoir and is unlikely to result in the rupture of the 
overlying rocks. Subsequent reduction of pressure will usually result 
in closing of the fractures so that damage is not permanent. Nevertheless, 
fracturing the kind of formation suitable for a disposal aquifer should 
be avoided in order to maintain proper control over the movement of 
the injected fluids. 


It is easy to detect the occurrence of fracturing since it is accom- 
panied by a great increase of the rate of injection without a corresponding 
increase in pressure. In some cases injection pressures actually de- . 
crease after initial fracture. The pressure at which a formation will. - 
fracture and accept fluids is primarily dependent upon the stress condi- 
tions in the rock. Most formations will fracture when fluid pressure in 
the range of 0.6 to 1.0 psi per ft. of depth is exerted against the formation. 
Pressures approximating L.0 psi per ft. of depth are thought to be necessary 
to create horizontal fractures, but much lower pressure may produce 
vertical fractures. Neglecting friction losses, surface injection pressures 
of from one-fourth to one-half psi per ft. of depth would be necessary to 
cause fracturing. The disposal operation considered here does not con- 
template the injection of waste at pressures nearly this high. It would 
be a comparatively simple matter to test the disposal formation at any 
particular location for susceptibility to fracturing by injecting water at 
moderate pressures. 


Plugging of the formation will be a far more serious cause of 
damage. Experience of the petroleum industry in water injection systems 
shows that in general there are two types of plugging: that which plugs 
the pores in the main body of the sand and that which results from the 
formation of an impermeable crust at the sand face. Plugging in the 
body of the sand in oil field practice usually occurs as a result of the 
swelling of the clay minerals in the rock. Plugging at the face of the 
sand in the well bore may result from a number of causes, among which 
the following are important: 
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1. Injection of fluids containing suspended solids, which 
are often mineral precipitates. 


. Precipitation as a result of the comingling of the injected 
water with water of incompatible composition. 


. Accumulation of corrosion products. 


. Precipitation resulting from the action of micro- 
organisms, of which sulphate reducing bacteria 
are perhaps the most important. 


5. The accumulation of tar-like material as a result of 
the incomplete separation of oil and water at the surface. 


While cleaning out wells to improve injectivity is a common oil 
field practice, these operations will be complicated and hazardous if 
the well and formation have been used for the injection of radioactive 
waste. Therefore, it will be desirable to treat the radioactive waste 
to minimize plugging. Likewise, it will be desirable to provide for the 


separate treatment of any water used as a diluent for the radioactive 
solutions, 


The physical and chemical characteristics of the waste to be dis- 
posed of at a particular plant cannot be foreseen. Consequently, only 
general suggestions can be made concerning the treatment that may be 
required to control precipitation or plugging. Filtration will be re- 
quired to remove any suspended solids, but other treatment may also 
be desirable. It may be desirable to use some additives such as corro- 
sion inhibitors, chelating agents or wetting agents for specific purposes. 
The effects of heat and ionizing radiation on chemicals used for waste 
treatment will present problems not encountered in oil field practice. 


Although the composition of the waste is not known, it is highly 
probable that it will be an acid solution which will require dilution toa 
considerable extent. It is unlikely that the waste will have been mixed 
with any substantial amount of oil so that plugging from tar is not likely. 
The results of research on the effects of ionizing radiation on micro- 
organisms shows that the radiation destroys most, but not all, bacteria 
which may get into the waste, so that although there is a possibility that 
some trouble may be experienced as a result of microbial activity, it 
is unlikely to be as serious as it is with common oil field waters. 
Strongly acid solutions result in shrinking rather than the swelling of 
most of the clay minerals that are likely to be encountered, so that it 
is not anticipated that the injection of acid waste will result in trouble 
from this cause. The accumulation of corrosion products is a potential 
source of trouble, but the control of corrosion will be dealt with ina 
subsequent section. 
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The remaining important problem appears to be precipitation due 
to the incompatibility of the injected fluid with the disposal reservoir. 
Some waste is very likely to contain elements such as aluminum or iron, 
which tend to form gelatinous precipitates at moderately high pH. Even 
though the waste is injected at a very low pH, the adsorption of hydrogen 
ion by clay minerals, reactions with carbonate minerals in the rock, or 
by dilution with connate water, will result in increase in the pH. At 
first glance this appears to present a very serious problem, but there 
are data which indicate that the reduction in permeability due to these 
effects might not be as serious as preliminary considerations would 
indicate. The mechanism of displacement of interstitial water by the 
injected waste may be such that the precipitation may be delayed or pre- 
vented, or the precipitates may be formed in parts of the pore network 
which are out of the main channels of flow. While plugging in the body 
of the sand by precipitation is a serious problem, it is susceptible to 
study and might be controlled by suitable treatment of the waste. 


In oil field work, plugging can be alleviated by backwashing, chem- 
ical treatment or working over the well. These operations will certainly 
be much more difficult in wells used for the disposal of radioactive waste 
than in those used for water injection, but there is a reasonable proba- 
bility that suitable techniques can be developed for restoring the injective 
capacity of wells which have been used for radioactive waste disposal. 

If, however, this proves to be impossible, the damaged well must be 
abandoned and a new one drilled. The evaluation of this aspect of the 
deep well disposal system is accordingly largely an economic problem 
and the merit of the system is determined by the amount of waste which 
can be injected before abandonment becomes necessary. It is probable 


that data sufficiently accurate for estimating cost approximately can be 
obtained by laboratory studies and pilot operations. The performance of 


the disposal wells and the disposal aquifer will have to be tested finally 
in the field. 


Vil. 
CORROSION 


Tae injected waste will undoubtedly be highly corrosive and it will 
be necessary to use stainless steels or non-ferrous metals for some of 
the tubular equipment in the disposal wells. The Atomic Energy Commission 
and its contractors have extensive experience with corrosion in fuel pro- 
cessing plants which would permit them to select suitable alloys and to 
determine the extent to which they should be used. Basically, the disposal 
well will consist of several concentric strings of pipe. The tubing through 
which the radioactive waste is pumped would unquestionably have to be of 
corrosion resistant alloy, but it may be that with proper protective measures 
a suitable grade of standard oil field tubing or casing could be used for 
the other strings. For limited special applications, non-metallic pipe 
made from glass, reinforced plastic, asbestos cement or other material 
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might be used, but the serviceability of this material under the conditions 
of temperature and radiation to be expected would have to be tested. 


Measures to prevent the corrosion of steel pipe would include pro- 
tective coatings, inhibitors, cathodic protection, or a combination of 
these methods. In developing protective measures, it would be necessary 
to determine the effect of temperature and radiation on organic coatings 
or inhibitors which might be considered for use. A particularly bad corro- 
sion problem is presented by strongly acid solutions containing both chlorié 
and nitrate ions. This would make the problem of corrosion control par- 
ticularly difficult with waste from processes which use aqua regia to 
dissolve spent fuel elements. If, however, the waste is derived from a 
plant which uses nitric acid, the problem would be simpler. In sucha 
plant it would probably be inadvisable to dilute the waste with salt water 
at the surface in order to avoid comingling chlorides and nitrates. If 
other considerations make it desirable to dilute a nitric acid waste with 
salt water, this could probably be accomplished without serious trouble 
by providing separate conduits in the disposal well for the waste and the 
diluent, allowing the mixing to take place at the bottom of the well below 
any steel pipe. 


External corrosion of steel casing occasionally presents a problem 
in oil wells: With the casing properly cemented to the surface, external 
corrosion should not present any difficulty, but if trouble from this source 
is suspected, the condition can usually be controlled by cathodic protection. 


The detection of pipe failure due to corrosion can be readily detected 
by careful recording of pressure and flow rate in the tubing and casing 
strings, or by radioactivity logs run in the disposal well after displacing 
the radioactive fluid. However, it would probably be desirable to provide 
monitoring wells close to the disposal well in which radioactivity logs 
could be run or from which samples of water could be obtained at frequent 
intervals to detect leakage in the event of failure of all pipe strings in the 
disposal well in a manner which would allow the escape of radioactive 
solution to formations above the disposal aquifer. 


In conclusion, corrosion will undoubtedly present a serious problem 
in any system of disposing of radioactive waste in deep wells, and appre 
priate pilot plant and field research work should be done to develop tech- 
niques for its control. Undoubtedly, satisfactory measures can be devel- 
oped. The main question is the economic one of the cost of adequate 
protection. 

Vill. 


WELL DESIGN AND OPERATION 


Among the primary considerations in the design of a well, through 
which it is proposed to dispose of radioactive waste, are the quantity and 
composition of the liquid waste, and the physical and chemical changes 
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that may take place. These determine the amount of diluent, if any, to 
be used, and the measures required for corrosion control. There are, 
of course, many other design variables and some will be discussed. 


The disposal well should be completed in a porous and permeable 
formation below any potable water zone; these formations will contain 
water, of various degrees of salinity. It would be helpful if the disposal 
formation were competent rock which would allow a ''barefoot'' comple- 
tion, that is, one in which no pipe, liners, or other equipment need be 
placed opposite the disposal horizon. For the injection well, the best 
oil field practice is suggested with more rigid specifications included 
for some of the important equipment and completion practices. 


By way of example, suppose a disposal well of a depth of 5,000 
feet below the surface is to be planned: at this depth, bottom hole tem- 
peratures somewhat less than 200° F. can be expected and pressures 
of the magnitude of 2300 psi will probably be found. The casing program 
and cementing practice will be suggested with these data as a basis.. 


A well drilled to 5,000 feet would be designed so that the first 
outer string, or ''surface-string" of casing would be set below any 
fresh-water strata (1,000 to 1,500 feet below the surface) and encased 
in cement for its entire length to protect the upper strata of fresh water. 
The main string of pipe, in an experimental or test well which might 
later be converted to disposal service, could be a standard size of seam- 
less steel casing of approximately 9-5/8 inches outside diameter, set in 
a drill hole of sufficient diameter to permit at least one inch of cement 
to be placed outside the pipe for its entire length. The quality and wall 
thickness of the pipe, based on a suitable factor of safety could be deter- 
mined by API standard for bursting pressure, tension, and collapse 
generally employed. Casing centralizers, wall scratchers, stage- 
cementing tools, and the kind of cement used should follow the most 
advanced practices of the oil industry. To minimize corrosion by earth 
electrolysis, suitable cathodic protection of the well might be provided. 


There may be several important advantages to a system wnhich 
would keep the waste and the required diluent separate while flowing 
through the disposal well, allowing them to mix in the open hole below 
the casing seat. Of course, this would be advisable only if the composi- 
tion of the waste and diluent were such that no precipitates would form 
as a result. In such a system the waste would be injected through a small 
diameter, perhaps 1-1/2 inches, alloy tubing, and the diluent through the 
annulus between this string and the 9-5/8-inch steel casing. Some bene- 
fits of such a system would be: 


1. Cooling of the steel casing and the cement behind it, 
thus reducing the danger of damage as a result of 
thermal stresses or of deterioration of the cement 
or the rocks outside the cement. 
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2. Reducing the size of the string of special alloy tubing 
required to handle highly corrosive waste. 


3. As previously mentioned, preventing mixture of acid 
nitrate solutions with chloride solutions, if salt water 
is used to dilute nitrate waste. 


4. Improving the chance that some system might be worked 
out to decontaminate the tubing sufficiently to remove 
it for replacement if this should be necessary. 


5. Proper control of a properly designed well would permit 
the operation of the system in such a way that at any 
level in the well, the pressure of the salt water would 
be higher than that of the waste, so that in the event 
of a minor leak in the small tubing, the water would 
flow into the waste stream, instead of the waste escap- 
ing into the salt water confined in the steel casing. 


The alloy tubing carrying the waste should be welded, rather than 
threaded. If it should be desirable to remove the tubing, there might be 
a chance of decontaminating it by thorough washing, pumping the wash 
solution into the disposal aquifer, followed by pumping expendable scrapers 
through the tubing to remove the contaminated surface layer of metal. 


A disposal well with a single string of tubing inside the casing would 
have the great advantage of mechanical simplicity, but it would probably 
not be practical to run instruments in such a well to provide information 
on radiation, temperature, or pressure. These data would have to be ob- 
tained, if necessary, in a nearby well drilled for the purpose. On the 
other hand, a more complicated well head would permit running a second 
string of tubing alongside the alloy string, through which instruments 
could be periodically run or which could carry the leads to instruments 
permanently set near the bottom of the well. The second tubing string 
might also be useful in well repair operations. Such tubing should be at 
least 2 inches, and preferably 2-1/2 inches in size. 


The well head assembly would be as simple as possible and below 
ground level, properly protected and shielded against any possible harm- 
ful radiation. The fluids entering the well should be regulated from a 
remote location and provisions made for adequate control. Adequate 
protection should be provided against radiation from the flow lines, 
treating plant, filters, and storage tanks. Instruments should be pro- 
vided to obtain essential data such as rate of flow, temperature, pressure, 
and specific gravity of the waste and diluent. If it is possible to operate 
the disposal system so that the waste and diluent flow into the aquifer by 
gravity, while maintaining a vacuum at the well head, it would be desir- 
able to record the fluid level in the alloy tubing and the annular space 
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by echo sounding devices such as those used to measure fluid levels in 


pumping wells. Fig. 1 shows a suggested cross section for a disposal 
well. 


The fluids injected into the disposal well should be chemically 
stable and free of plugging materials. In the suggested plan herein, it 
is desirable that the waste fluids flow into the disposal well and thence 
into the aquifer, without the necessity of pump pressure. In order to 
maintain this type of flow over a long period of time, the formation or 
strata into which the fluids are to be injected must be of a relatively 
high permeability, the fluids injected must be chemically stable, free 
from suspended matter, and compatible with the fluids in the aquifer, 
and the pressure in the aquifer must be less than the hydrostatic head 
of the column of injected fluids. 


Experience shows that some rlugging of the bore hole at the bottom 
of the well will take place and the ideal rate of flow cannot be indefinitely 
maintained. Therefore, an effort should be made to design the disposal 
well so as to provide, from the beginning, the best opportunity for clean- 
ing the injection well. Over the years, the oil industry has devised many 
ingenious means and methods for working at great depths inside a bore 
hole or well casing. The unknown factor of radioactivity will require 
modification and adaptation of these methods. Nevertheless, the repair 
of disposal wells is still within the range of possibility and practicability, 


and rneans for accomplishing this should be worked out when the occasion 
demands. 


In the meantime, the abandonment of the well must be kept in mind; 
after all, it is a matter of economics whether a well, be it an oil well, 
salt-water disposal well, or radioactive waste disposal well, should be 
repaired or replaced with a new well. The problem is met quite frequently 
in the oil producing business. Well repair and "fishing jobs" are expensive 
undertakings at the best - the estimated cost of repair must be compared 
to the cost of drilling a new well. In any case, it would probably be de- 
sirable to provide an alternate injection well, as a stand-by, in case it 
becomes necessary to take a disposal well out of service. 


The disposal of radioactive waste through deep wells to an under- 
ground or subsurface reservoir or aquifer will present different and com- 
plicated problems, but not insurmountable obstacles. The advisability 


of handling waste in this way will be determined primarily by economic 
considerations. 
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IX. 
SITE SELECTION 


The tremendous problem of transportation of liquid radioactive 
waste, as opposed to the relatively simple problem of transportation of 
spent fuel elements, indicates that the deep well disposal site should be 
near the fuel element reprocessing plant. As a practical matter, the 
location of the processing plant might well be determined by the availa- 
bility of a site suitable for disposal. 


In the selection of a deep well disposal site, a knowledge of the 
subsurface geology is essential. As discussed in preceding sections, 
the aquifer used for disposal must be of sufficient thickness and areal 
extent, and reasonably continuous with respect to permeability. Although 
porous limestones or fractured shales cannot be ruled out for disposal 
of waste, sandstones are preferred. Provided the permeability is 
reasonably high, the occurrence of some shale in the section is not 
objectionable. The thickness of the aquifer should be of the order of 
tens or even hundreds of feet. From practical considerations, it is 
likely that the area required for the disposal site, all of which must be 
subject to control by the authority responsible for disposal, should be 
in excess of 10,000 acres. It might even be desirable that the area be 
as much as 100,000 acres. 


As discussed in a preceding section, suitable sand members may 
be lenses of limited area completely surrounded by impermeable forma- 
tions, or they may be extensive beds, sometimes continuous to a surface 
outcrop, sometimes pinching out between impermeable strata without 
reaching the surface. Regardless of whether the sand chosen is of the 
lenticular type or is an extensive continuous member, adequate sub- 
surface geological information must be developed, and this deserves 
much thought. In the preliminary stages of site selection, governmental 
agencies, including state geological organizations, industry, and pro- 
fessional groups can be of invaluable assistance. The best knowledge of 
subsurface geology is that which has been obtained by drilling deep wells 
for petroleum exploration and production. This knowledge, however, is 
more detailed in petroleum producing provinces, which, generally, are 
to be avoided in the search for radioactive waste disposal sites. Complete 
knowledge of all old wells drilled to the disposal horizon is necessary. 
It. must be ascertained that such wells have been properly plugged and 
abandoned so that there is no chance that they might provide a channel 
for contamination of other horizons. 


In the final stages of site selection, it will be necessary for the 
required subsurface information to be developed through a well planned 
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exploration program, for which the methods customarily used in explor- 
ing for petroleum may be used. These include studies of surface 
geology, geophysical exploration, and drilling of core holes. It should 
be noted that the core holes, properly cased and equipped, may be 
utilized later as monitoring and observation wells should the site prove 
suitable for waste disposal. Recovery of cores from the aquifer and 

the overlying strata permits the evaluation of the porosity, permeability, 
and mineralogic composition of the rock, and sampling of water native 
to the aquifer permits the determination of the compatibility of radio- 
active waste with this water. Testing the core holes also allows esti- 
mation of the capacity of the aquifer for water or waste injection and 
determination of the hydrostatic pressures at various points. Reliable 
pressure measurements at several points will reveal the occurrence of 
any natural fluid movements within the aquifer. The behavior of the 
wells on prolonged production of water from the core holes should be 
observed, to indicate the extent of the aquifer, and to predict how in- 
jected fluids may be expected to move. An important point which must 
be emphasized is that, even after a suitable site has been found, the 
necessary tests may require many months for completion. 


While it is obvious that certain utilities such as electric power, 
water, etc., are required in the operation of a deep well disposal plant, 
there are other less obvious considerations in the selection of the site. 
If bleed wells are required to control pressures and pressure gradients 
in the disposal operation, then provision must be made for disposal of 
excess water from the bleed wells. 


Even though there will undoubtedly be many problems connected 
with the selection of suitable sites for radioactive waste disposal, 
and even though the acquisition and exploration of a site will be ex- 
pensive, it appears that, through a sound exploration program, suitable 
sites can be found. 


x. 
INJECTION PLANT 


Although there is not sufficient information to design a plant for 
the disposal of radioactive waste, it might be desirable to describe a 
hypothetical plant in order to point out some of the design problems 
that will be encountered and to suggest some solutions. Broadly, such 
a plant might consist of two main systems: 


1. A hot system for the storage, treatment, and filtration 
of high level waste prior to injection, and 
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2. A cold system for the producing, treating, and disposal 
of salt water for the purpose of conditioning the dis- 
posal aquifer to receive the waste and for providing 
suitable diluent for the waste solutions from the pro- 
cessing plant. 


Fig. 2 is a flow sheet showing the major elements of such a hypo- 
thetical plant. The design of the first system would be governed by the 
technology of the chemical processing of radioactive materials, while 
the design of the second could be based on the technology and experience 
of the petroleum industry. In the disposal wells, these technologies 
overlap. 


Obviously, much of the equipment and piping requires adequate 
radiation shielding. Some preliminary storage of high level waste is 
contemplated to permit the decay of some of the short-lived radio- 
isotopes. This surface storage is expensive, costs quoted in the litera- 
ture and reports ranging from about 17¢ to about $2.80 a gallon. Further- 
more, there is a potential hazard associated with surface storage of such 
dangerous materials. One of the potential advantages of deep well dis- 
posal is that there is a chance that the storage period may be relatively 
short and the requirements for storage correspondingly small. In 
order to estimate the optimum storage time, it would be necessary to 
have data on the retention of radioactive ions by the disposal formation 
in order to estimate the maximum temperature to be expected in the 
neighborhood of the disposal wells. 


The composition of the waste must be known in order to plan any 


chemical treatment that may be required. It will undoubtedly be neces- 
sary to provide for the removal of any suspended solid material from 

the waste, which would require the use of either filters or centrifuges. 

It may be that some of the filters used in the chemical and petroleum 
industries can be adapted to this service. The major problem in filter- 
ing the waste appears to be that of providing for backwashing of the filters 
and occasional replacement and disposal of the filter elements. In order 
to provide for flexibility in the operation of the plant, some storage of 
treated and filtered high level waste would be desirable. 


The treated and filtered high level waste would probably have to be 
diluted considerably in order to avoid excessively high temperature in 
the neighborhood of the disposal well. As previously pointed out, there 
appears to be advantages in mixing the waste and diluent at the bottom of 
the disposal well, thus avoiding the need for facilities at the surface for 
handling large volumes of corrosive radioactive solution. The introduc- 
tion of diluent serves the immediate purpose of keeping the disposal well 
and the surrounding cement cool. It also achieves the long-range objec- 
tive of distributing the waste throughout such a large volume of rock that 
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the heat generated during the storage can be dissipated without develop- 
ing excessive temperatures. The volume of diluent required to distribute 
the waste is much greater than that required to keep the well cool, but 

the distribution can be accomplished by injecting diluent at any time over 

a long period of years even after the disposal of radioactive material has 
ceased. For this reason, it may be more economical to design for moder- 
ate dilution, say 20 to 50 volumes of diluent per volume of waste, and to 
inject any additional diluent needed for temperature control in the aquifer 
only at such time and in such quantities as are found necessary by observa- 
tion of the temperature developed in the rock. This might require that 

the disposal area be kept under observation after cessation of waste in- 
jection, and that standby water injection facilities be maintained until 
maximum temperature had developed. 


Experience may show that there would be no danger in pumping some 
diluted waste directly into a suitable aquifer without any attempt to con- 
trol the pressure in the aquifer or the manner of migration of the waste. 
However, the first installation will necessarily be in the nature of an 
experimental plant, and every precaution must be taken to insure safety 
of the operation and to provide for adequate control of the injected fluids. 
In order to do this, it is suggested that a number of auxiliary wells be 
incorporated in the disposal plant. 


A suggested pattern of such wells is shown in Fig. 3. The most 
important of these are the bleed wells through which substantial quanti- 
ties of salt water are produced. These are located roughly in a ring on 
the periphery of the area selected for disposal. An important function 
of these wells is to reduce the pressure in the disposal aquifer to sucha 
degree that, if fluid migration of any kind takes place across its bound- 
aries, it will result in a flow of cold salt water into the disposal zone, 
rather than flow of radioactive material out of the zone. The smaller 
the diameter of the ring of bleed wells, the more rapid is the pressure 
response within the disposal area and the better is the information on 
the distribution of the injected waste. On the other hand, the capacity 
of the system is less. The selection of the well spacing requires good 
engineering judgment to balance these factors but for the first installa- 
tion a relatively small pattern is to be preferred. 


If the bleed wells were located on the circumference of a circle of 
2,000-ft. radius and if the aquifer had a net thickness of sand of 100 ft. 
and an average porosity of 20%, the fluid capacity of the disposal area 
would be roughly one and one-half billion gallons. Because of the 
vagaries of fluid flow through heterogeneous rock, all of this space 
cannot be effectively used for waste disposal, and the actual capacity 
of a system of such dimensions might be closer to one-half billion gallons 
of waste and diluent salt water. 


If it be assumed that the plant is to handle 5,000 gallons per day of 
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waste of such a level of radioactivity as to require dilution by a factor 
of 50, the disposal well would receive 250,000 gallons per day of 

fluids, and the capacity of the injection system would be reached in 
about five years. The disposal area could then be enlarged either by 
drilling more bleed wells further away from the disposal well or by 
developing an entirely new pattern of bleed and disposal wells. At the 
start of the injection, the area-contaminated by the waste would be 
roughly circular, but will later develop into a scallop pattern with cusps 
extending toward the bleed wells. This pattern may be quite irregular 
and the cusps may not reach all bleed wells simultaneously, but the 
injected waste will not escape from the area of confinement without first 
appearing at one of the bleed wells. Furthermore, it should be noted 
that a high degree of control over the movement of waste can be exer- 
cised by adjusting the rate of flow of each bleed well. As soon as there 
is any indication of the approach of radioactive material, the bleed well 
affected would be shut-in pending enlargement of the capacity of the 
disposal system. There is some theoretical basis for expecting that 

the first waste products to appear will be the harmless hydrogen or 
nitrate ions, which would warn of the approach of more dangerous 
material. 


It is emphasized that a major role of the bleed wells is to create 
a low pressure zone for the confinement of the waste. How this is ac- 
complished is shown in Fig. 4, a plot of fluid pressure in the aquifer 
as a function of the distance from the injection well showing, under 
operating conditions, that the fluid pressure in the disposal zone could 
be lower than it was under the static original conditions. It would be 
advantageous, even though it may not ultimately prove to be economic, 
to reduce the pressure in the aquifer to such an extent that the disposal 
well would accept the desired quantity of waste by gravity flow, which 
would permit the surface equipment to operate under a vacuum. This 
might require a reduction in the pressure of the aquifer by several 
hundred lbs. per sq. in. and would require that water be produced from 
the bleed wells at a rate substantially in excess of the rate of injection 
into the disposal well. 


The water not used as a diluent would have to be disposed of in 
some fashion. If the disposal site were near the coast, it might be 
possible to run a drainage ditch or other conduit to the sea. Altem 
natively, it would be necessary to dispose of the excess water by the 
more expensive method of injecting it into another aquifer, preferably 
one overlying the disposal site. A suggested arrangement of injection 
wells for water disposal is indicated also on Fig. 3. One important ad- 
vantage of injecting excess water into an overlying aquifer is to increase 


the hydraulic gradient protecting the overlying formations from invasion 
by radioactive fluids. 


In addition to the disposal wells, bleed wells, and water injection 
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wells, observation or monitoring wells will be required in order to 

follow the spread of the waste disposal zone and to indicate what changes 
in the producing rate of the bleed wells might be necessary in order 

to produce a more desirable pattern of displacement. If these wells are 
to be used only for monitoring wells without any thought of converting 

them into disposal wells or injection wells later, they could be of small 
diameter and inexpensively equipped. They should be spaced at varying 
distances from the disposal wells and provisions should be made for 
measuring temperature, pressure, and radioactivity at frequent intervals. 


The hypothetical plant described might well be more elaborate. 
than is really necessary to put away the radioactive waste safely. However, 
in the first plant of this kind, it would be well to provide any reasonable 
safeguard, even though experience might show that the precautions were 
not needed and that a more economical plant could have been designed. 


XI. 
ECONOMIC FACTORS 


It is well to restate the proposition that several methods for the 
disposal of radioactive waste might be developed, each of which might 
find application to certain types of waste and under specific geographic 
and economic circumstances. The selection of a particular process 
from several which are acceptable from considerations of safety will 
ultimately be made on the basis of economics. 


It is obviously impossible to estimate accurately the costs of a 
disposal plant such as the hypothetical one described. Nevertheless, in 
arriving at a decision as to the merit of further development of the pro- 
cess, some rough feel for the cost would be helpful. 


The order of magnitude of the investment in the disposal wells 
and the cold water system is indicated in the following table: 


Bleed Wells, with High Capacity Submersible Pumps, 5, 000' 

6 at $85, 000 $510, 000 
Disposal Wells, Stainless Tubing, 5, 000',: shielded 

2 at $200, 000 400, 000 
Injection Wells, 4, 000' 

3 at $50, 000 150, 000 
Monitor Wells, 5,000' 

5 at $40, 000 200, 000 
Power Distribution System 2,000 Kw. 300, 000 
Cold Salt Water Lines, 4 mi. 6" d. 100, 000 
Storage Tanks, 100,000 bbls. 200, 000 
Pumps and Machinery, 1,000 H.P. 150, 000 
Cold Salt Water Filter & Treating Plant 100, 000 
Instrument and Controls 250, 000 


$2, 360, 000 
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If it be assumed that the hot side of the system, i.e., the hot 
waste storage and filters, and any other facilities will require an in- 
vestment of the same order of magnitude, the plant would cost in the 
neighborhood of five million dollars, exclusive of the cost of the site. 


In making rough estimates of oil refinery costs, it is sometimes 
assumed that operating costs can be approximated by taking the sum of 
a fraction of the investment and a multiple of the operating labor. The 
operating labor in the plant might run about $135,000 per year. Guessing 
that operating costs, including depreciation, might be in the neighbor- 
hood of 22% of the plant investment plus 2.7 times the operating labor, 
the annual cost of operation is indicated to be about a million and a half 
dollars. This is equivalent to a cost of about 85¢ per gallon of high 
level waste, or about 2¢ per gallon of diluted waste. 


XII. 
SUGGESTED LABORATORY INVESTIGATIONS AND THEORETICAL STUDIES 


Several of the problems anticipated in the deep well disposal of 
radioactive waste may profitably be investigated in the laboratory. Some 
techniques which may be useful have been developed and applied to the 
study of similar problems which are of interest to the petroleum industry. 
Among the more important problems are the following: 


1. Ion Sorption 


One of the problems amenable to laboratory study is that of ion 
fixation on the surface of the porous rock’ of the aquifer. Laboratory 
experiments conducted with long cores of naturally occurring sandstones 
should permit study of the amounts of adsorption of components of the 
radioactive waste which occur under various conditions of ionic concen- 
tration and temperature. Chromatographic separation of various ions 
present in the waste can be similarly investigated, and, if it appears 
desirable, attention could be given to application of the same techniques 
to the study of means for reducing adsorption by addition of more strongly 
adsorbed ions. Laboratory investigations of sufficient scope to define 
the problem and to furnish data of the required engineering accuracy 
might be completed by the expenditure of no more than about two or three 
man-years. 


a: Plugging 


Another problem which may be studied readily in the laboratory 
is that of the tendency for plugging of permeable sands as a result of 
interactions between injected waste and interstitial waters, and between 
injected waste and solid components of the aquifer rock. In sucha study 
two types of experiments might be utilized; first, those in which possible 
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reactions leading to formation of precipitates may be investigated by 
very simple, conventional, bench-type methods, and second, those in 
which actual displacements of interstitial water by injected waste may 
be studied by flow through long cores of naturally occurring sandstones. 
If precipitates are found to be formed, then logically succeeding phases 
of the study might be concerned with the causes and the mechanism of 
the precipitation, with the effect of precipitation upon permeability of 
the rock, and, if so indicated, with means of minimizing precipitation 
and maintaining permeability. Particular parameters of interest are 
the effect of mineralogic composition of the rock of the aquifer, the 
compositions of interstitial water native to the aquifer, and the composi- 
tion of the radioactive waste. The laboratory investigation of plugging 
would probably require two or three man-years to get sufficient data for 
preliminary planning of the disposal system. 


3. Heat Dissipation 


A problem which may be investigated theoretically is that of the 
rate of dissipation of heat generated in an aquifer by injection of radio- 
active waste, and the temperature to be expected in the aquifer. The 
petroleum industry, over a period of years, has developed a fund of 
knowledge in the formulation of the complicated mathematical relation- 
ships involved in similar problems and in their solution for particular 
geometrics by use of analog and digital computers. Values of thermal 
conductivities of earth materials have been measured experimentally, 
and data on heat diffusivity have been obtained in field tests of thermal 
processes for oil recovery. Use of these mathematical techniques, 
together with use of experimentally derived conductivity values, should 
permit the generation of a complete framework of the relationships of 
temperature rise in the aquifer to the geometry of the aquifer, to the 


specific activity of the injected waste, to the volume of waste injected, 
and to elapsed time. 


The study of the problem of heat dissipation and temperature rise 
requires highly specialized skills on the part of the investigator and 
special computing facilities. For this reason, it might be desirable that 
the investigation be conducted by contract with experienced specialists. 
It is likely that one of the largest items of expense in the investigation 
would be that required for use of suitable computing facilities. In terms 
of over-all outlay, it is probable that the investigation would require 
$100,000 or more, with the manpower requirement dependent upon the 
extent to which computing machines are used effectively. 


4. Corrosion and Radiation Damage 


Still another problem which may be studied in the laboratory is 
that of corrosion and radiation damage to equipment and materials which 
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would be required in an injection facility designed for the handling of 
radioactive waste. These materials include those of which the well 
casing, tubing, and connections would be fabricated, and additional 
materials used in the construction of any packers, tools, and instruments 
required by the injection installation and chemicals used in the treatment 
of waste. Undoubtedly much more information on radiation damage has 
been compiled by the Atomic Energy Commission than is available from 
any other source, and the Commission also has at hand more extensive 
information on those construction materials which have been found suit- 
able for use with radioactive waste than does the petroleum industry. 


Nevertheless, the specific problems of damage to well equipment 
as a result of corrosion and radiation should be anticipated, and suitable 
protective measures devised. 


XIII. 
FIELD INVESTIGATION 


In the event that a decision is reached to attempt to undertake a 
successful system for disposing of radioactive waste in deep wells, it 
will be necessary to pursue a program of field investigations to supple- 
ment studies in the laboratory. Such field investigations fall naturally 
into two broad categories: those concerned with the exploration for suit- 
able disposal sites and those concerned with the development of a specific 
process. In this problem the design of the process depends on the site 
selected for disposal so that it would be advisable to carry out a limited 
exploration program concurrently with the process development. 


In process development the chemical engineer has perfected the 
technique of using pilot plants to predict and test the performance of full 
scale plants. The equivalent of the pilot plant in waste injection operation 
is the shallow well which can be drilled cheaply and tested quickly. To 
the extent that it is possible to use such shallow wells effectively, sub- 
stantial savings might be made in the cost of the development program. 
Unfortunately the dependence of the process upon the specific conditions 
at the disposal site is so great that some of the most important investi- 
gations of a pilot nature would have to be carried on at the specific site. 
Furthermore, it may be that the total cost of the pilot investigation is 
large in comparison to the cost of the wells, and if so, large savings 
might not be obtainable through testing in shallow wells. The selection 
of the scale and location for pilot testing will require keen engineering 
judgment to achieve a good balance between the value of the results and 
the cost of the test. Bearing these considerations in mind, some of the 
field investigations which might be considered will be discussed. 


i; Survey of the Sedimentary Basins of the United States 


It would be desirable to have a compilation of significant informatio 
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on all potential disposal reservoirs in the United States. Since these are 
most likely to be found in the sedimentary basins, it would be worthwhile 

to have a good description of the regional geology of each such basin in 
areas which might be considered for disposal operations. An effort should 
be made to describe the stratigraphic columns at key points in the basin. 
Isopach maps of the aquifers should be prepared, together with data on 

or estimates of the physical properties of the importantrocks. One impor- 
tant part of such an investigation would be a consideration of the economic 
geology of the area and the nature of the surface. 


In any study of this kind the most important information will be 
found in those areas which have been most thoroughly explored for petro- 
leum or other minerals. While such areas cannot be definitely ruled out 
as possible disposal sites they would not be the most favorable areas from 
which to select the first major deep well disposal site. Thus the areas 
of greatest interest for disposal purposes are those where the information 
is scarce, but it would be desirable to assemble significant information 
on all sedimentary basins including that which may be available from 
private sources and which might have, at one time, been considered con- 
fidential. In making a study of this kind valuable advice and assistance 
might be obtained from professional societies such as the American Asso- 
ciation of Petroleum Geologists. One area of particular interest because 
of its stratigraphy is the Atlantic Coastal Plain. 


a. Preliminary Exploration 


The development of deep well disposal will necessarily involve a 
program of exploration. The magnitude of such a program would depend, 


of course, upon the amount of interest in the method, either as a more 
economic means of waste disposal at existing processing plants or as a 
possible means of waste disposal at a processing plant planned for some 
specific immediate purpose. The exploration program envisaged should 

be quite flexible and would be carried on at a modest pace which would 
provide information on a specific site only when the information was 

needed to fit into the over-all pattern of the development. In this way the 
cost of the program could be kept low and it could be discontinued promptly 
in the event of selection of an unsuitable site or in case other investiga- 
tions pointed out insurmountable difficulties in the deep well process. The 
exploration program might embrace some geophysical reconnaissance, 
such as a gravity survey or some air-borne magnetometer work over a 
limited area, selected on the basis of the regional studies and the require- 
ments of the existing or projected processing plants with which the disposal 
operation would be associated. Some seismic work may be desirable. 

In many areas extensive geophysical data have already been obtained which 
might be made available to the Atomic Energy Commission. This pre- 
liminary geophysical reconnaissance could then be used in locating a 
Suitable stratigraphic test well which would provide definite and specific 
information which would be essential to the proper planning of the process. 
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In drilling such a stratigraphic test the potential use of a particular 


: qui 
aquifer as a disposal reservoir demands extreme care in completing ins 
or abandoning the well. pha 
3. Test of Compatibility of Waste with Reservoir Rock and Fluid a 
One of the major problems associated with deep well disposal will a 
be concerned with the problems of undesirable reactions of the waste grc 
solutions: with the rocks and fluids in the reservoir. The kinds of problem} <1 
to be expected and something of their magnitude can be learned from a its 
laboratory study, but at some state of the development the compatibility exc 
of the waste and the reservoir should be tested in the field. If these tun 
problems appear to depend more upon the nature of the waste than on the 
the nature of the reservoir rock and fluids and if it appears that they can dur 
be tested by the injection of a limited quantity of waste, the advisability wo 
of running tests in shallow wells should be considered. On the other hand, | su; 
if the problem arises as a result of conditions in the disposal aquifer, ant 
the tests should be run in a well drilled especially for the purpose at the 
particular site being studied. Tests of compatibility of the reservoir can 
be run on cold simulated waste. Whether to use such waste or whether 
to use actual waste from a processing plant would be largely a problem 
of cost and the need for using actual waste in the investigation of other 
related problems. 
of 
4. Distribution of Radioactive Material co 


The dissipation of heat from the radioactive material is a problem 
which depends to a considerable degree upon the manner in which the radic 
active material is distributed. This depends in part upon the way in 
which the radioactive ions are adsorbed or otherwise fixed in the rock 
at varying distances from the well. It depends in part on the way in which 
the injected solution displaces the salt water from the aquifer. The dis- 
tribution of the radioactive material can be estimated from the results of | 
tests involving the injection of radioactive waste in one well and sampling 
the fluids and running logs in a nearby well. These tests should be run 
with radioactive materials, but for preliminary work it would be desirable 
to use low-level solutions. Some information could be obtained by carry- 
ing out this work in shallow wells, but it may well be that the greater 
advantage of obtaining more complete information on the actual disposal 
reservoir would justify the increased cost of drilling the test well on the 
disposal site. One advantage of this is that there would be an opportunity 
for testing waste of successively higher levels of radioactivity, concluding 
with a full scale test of the disposal of the actual product to be handled. 





5. Tests of Aquifer Prior to Operation 


The final field program of experimental work would involve exten- | 
sive testing of the disposal system and the disposal aquifer before the 
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injection of any significant quantity of high-level waste. This would re- 
quire the drilling of bleed wells in addition to the disposal wells and the 
installation of the majority of the full scale disposal facilities. This 
phase of the work would be undertaken only in the event that favorable 
results had been obtained from all preliminary work and it would have 

as its object a final check on the safety of the disposal operation. It 
would involve careful pressure measurements in all available wells in 

the reservoir in order to detect any significant natural movement of 
ground water through the aquifer. It would involve the production of 
substantial amounts of water from the aquifer to learn something about 

its storage capacity and the rates at which waste could be injected without 
exceeding reasonably safe pressure limits. It would provide an oppor- 
tunity for testing the formation and its confining beds to make sure that 
they would not be fractured at any operating pressure likely to be attained 
during the operation of the plant. This final phase of the testing program 
would be the most expensive part of the whole operation, and it is 
suggested here primarily to indicate how final tests of the feasibility 

and safety of the disposal system can be made. 


Al. 
CONCLUSION 


The subcommittee, on the basis of its consideration of the problem 
of disposing of radioactive waste in deep wells, has reached the following 
conclusions: 


1. The disposal of radioactive waste from fuel reprocessing 
is a significant element in the cost of atomic power. 
While safety is the paramount consideration in the selec- 
tion of waste disposal methods, cost is the factor that 
will govern the choice of safe disposal processes. The 
economic aspects of waste disposal will receive greater 
attention when atomic energy begins to compete economi- 
cally in the market for industrial and domestic power. 


2. Radioactive waste can be disposed of safely by injection, 
through deep wells, into porous rocks. There is, ob- 
viously, a limit to the amount and activity of waste that 
can be stored in any particular formation without danger. 
This limit cannot be accurately determined on the basis 
of available information, but the data required for esti- 
mating the safe storage capacity of a reservoir can be 
obtained experimentally. 


3. Major problems in the disposal of radioactive waste through 
deep wells will be those of confining the waste, dissipating 
the heat generated, and protecting the disposal system 
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against damage by corrosion or radiation. These will 
present difficulties, but no insurmountable obstacles 
are indicated. 


4. A disposal plant might comprise, in addition to the in- 
jection wells, a number of auxiliary wells which serve 
various functions, with facilities for chemically treat- 
ing, filtering, and storing waste and diluent water. 
Although reliable cost estimates cannot be made on the 
basis of information now available, preliminary con- 
sideration suggests that the cost of disposal might run 
less than a dollar per gallon of high-level undiluted waste. 


5. A modest program of laboratory work and theoretical study 
would clarify many of the problems. If such a study con- 
firms the preliminary conclusion that deep well disposal 
might be economic under favorable circumstances, a 
concurrent program of field testing and exploration 
should be the next phase of the development of the process 
to be undertaken. 
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Representative Hoxirretp. We will ask Mr. Struxness to come to 
the stand again. 

Some of these witnesses know so much we have to have them back 
two or three times. 

Proceed please, Mr. Struxness. 


STATEMENT OF E. G. STRUXNESS,* OAK RIDGE NATIONAL 
LABORATORY 


Mr. Srruxness. Mr. Chairman and members of the committee, the 
feasibility of direct disposal of radioactive wastes to salt cavities and 
deep wile is being investigated at Oak Ridge. If these direct dis- 
posal methods prove to be safe and economical, it is important to 
consider the availability of suitable geologic formations in the selec- 
tion of a site for any new power reactor fuel reprocessing plant. It 
is also desirable to study more than one method of direct disposal and 
to choose, at least for one plant, a site where both methods might be 
used. Then, with the experience which will come from actual dis- 
posal operations, each method can be given that part of the disposal 
burden for which it is best suited. 

Dr. Heroy has explained why disposal in natural bodies of salt 
holds such promise, and has told you of the search he has made for 
locations suitable for field experimentation. The field experiments are 
needed to confirm the results of our laboratory work, and the work 
of others, showing that the chemical and physical reactions between 
present day waste types and rock salt will not significantly alter the 
structural integrity of a salt cavity containing radioactive wastes. 

The chemical aspects of salt disposal are being investigated in the 
laboratory and, though the work is not yet finished, Purex and acid 
aluminum nitrate wastes appear to be essentially inert toward rock 
salt. It was found that these wastes dissolve some salt, but quickly 
become saturated. The solubility of salt is only slightly temperature 
dependent, so temperature changes are relatively unimportant in this 
respect. There is some chemical interaction betwen acid or neutralized 
waste and rock salt, resulting in the formation of small amounts of 
chlorine, nitrosyl] chloride, and nitrogen dioxide gases, but not more 
than will remain in solution at moderate pressures. Radiation in the 
waste liberates hydrogen and oxygen, but the volumes do not appear 
to be troublesome. No other chemical effects have been observed and, 
though the waste salt mixtures are corrosive, rock salt appears to be 
able to contain them. 

Some of the effects of radiation, heat, and pressure on the physical 
properties of rock salt have been studied on small test specimens. The 
effects of radiation are negligible at least up to exposures of 5 X 10®r. 
The plastic flow of salt becomes significant at temperatures of 200° C. 
(392° F.), and above, and at pressures of 10 or more atmospheres. 

For reasons of safety, it is desirable that the temperature of the 
salt surrounding the cavity be kept below 200° C. Hence, considera- 
tion must be given to the rate of heat. production in the waste due to 
fission product decay and the rate of heat conduction in the salt sur- 
rounding the cavity. Calculations to determine the temperature dis- 
tribution around a cavity are possible if certain assumptions are made 





* See p. 1844. 
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as to the characteristics of the waste and the shape and size of the 
cavity. We have found that a spherical cavity 10 feet in diameter 
could contain 1 year old waste, having an initial heat production 
rate of 5 watts per gallon, without overheating. 

Laboratory tests on the permeability of ‘salt have not been con- 
clusive. This was not surprising because we had been warned by 
geologists of the difficulties of making reliable laboratory determina- 
tions of permeability on so-called “undisturbed” rock or’ soil s samples. 
Several salt mining companies provided us with large, specially mined 
blocks of rock salt. Some of these when tested appeared to be im- 
permeable; others developed fractures, probably due to the release of 
the confining pressures of the earth. Determinations of the permea- 
bility of salt will have to be made on rock salt in place, either in 
m/nes or in boreholes. 

Figure 1 is a scale drawing of a test cavity that will be excavated 
in the floor of a salt mine and the associated equipment with which 
we intend to conduct preliminary field tests with synthetic, nonradio- 
active wastes. 

If you will refer to the diagram I will identify the components. 
All of this equipment and the cavities shown are in the floor of an 
existing mine. Above the cavity is a gastight cover. Off to the 
right are the various devices used to collect, condense, and permit the 
collection and analysis of off-gas constituents after which they are 
returned to the cavity. 

Over on the left you see the heater controls and the temperature 
recorders. 

Representative Van ZaAnpr. Where is this mine located ? 

Mr. Srruxness. At present we are negotiating with the Carey Salt 
Co. of Hutchinson, Kans., for the use of their Hutchinson mine for 
this test. 

The field tests will provide information regarding— 

1. The structural integrity of waste filled cavities in salt; 

2. The possible movement of radioactive fission products from 
the cavity out into the salt ; 

3. The migration of the cavity itself due to dissolution and 
recrystallization of salt which could result from the recirculation 
of vapor and liquid within the cavity ; 

4. Temperature gradients in the salt surrounding the cavity; 
and 

5. Gas production under field conditions. 

It is planned that these tests will begin in the next fiscal year. 

I would like to state, Mr. Chairman, that our laboratory work and 
these preliminary field tests are designed to consider the worst possible 
case for salt disposal, namely, the storage of radioactive liquid wastes 
in the salt. 

The problems are quite a bit simpler if we consider the storage of 
solid waste concentrates in salt. 

Representative Houiriep. Of course, your trouble of putting them 
in the solids is another problem. 

Mr. Srruxness. Yes. 

Dr. Moore has reported to you the view of the American Petroleum 
Institute committee on the disposal of radioactive waste into deep 
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wells. We are in complete agreement with the committee’s findings 
and wish only to add briefly to their report. 

It is apparent that deep well disposal is most likely to be of use 
in handling large volumes of waste, where the large capital investment 
required for preliminary underground surveys, land, and the well 
field itself, can be justified. The method may be designed to handle 
high-level liquid waste, but it is more likely that it will be best suited 
for the larger volumes of medium to low-level waste that are also 
anticipated. Like disposal into salt, this method places severe require- 
ments on the choice of location since the geology must. be favorable. | 
In this respect it may eventually supplement disposal into salt by 
widening the possible choice of localities. 

In the laboratory we have learned how to treat simulated, high-level 
waste of several types with complexing agents such as citric and tar- 
taric acids so that the waste will remain relatively free of suspended 
solids when neutralized. The same methods could be used to treat 
medium or low-level waste. 

This is an important step forward, for the possible plugging of the 
disposal well or of the disposal formation has been regarded as a 
major obstacle. A significant start has been made in learning how 
to control the adsorption of cesium and strontium by the use of com- 
peting/@ons such as sodium and hydrogen. This control is needed 
in the immediate vicinity of the bottom of the well where intense heat 
production would be undesirable. 

The thermal considerations in deep well disposal initiated by Pro- 
fessor Birch for the NAS-NRC Committee on Waste Disposal are 
being refined and expanded. Weare computing temperature gradients 
in the geologic formations adjacent to the disposal aquifer in relation 
to fission product decay functions more representative of power reactor 
wastes. These calculations are being performed with an electronic 
computer which permits a more complete study of the variables 
involved. 

The work at Oak Ridge on deep well disposal is developing slowly 
because the method is regarded as a possibility for the distant future. 
Furthermore, it is likely to continue at this pace for some time because 
development of this method will require the corporate knowledge 
and experience of many technical groups and governmental agencies, 
both State and Federal. 

Representative HoririeLp. The fact that your deep well disposal is 
developing slowly because of the method in regard to the possibility 
for the distant future does not impress me at all. Maybe it should 
be developed a little bit faster. Maybe we should be getting a little 
bit more work done on that. You may need to ask for a little money 
to get on with this job because I think that these permanent stainless 
steel tanks and aboveground disposal methods that we are using now 
are pretty expensive and we might, by spending a little money on 
research and development, develop this a little bit faster and bring 
it into the near future in place of the distance future. 

Representative Van Zanpr. Has information been brought out at 
these hearings as to how much money we have invested in the present 
storage facilities ? 

Representative Hotiriecp. We had the figure, I believe, of some $26 
million in some of the early testimony. 
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Do you remember what the figure was? 

Mr. Struxness. No;Iamsorry. I don’t remember. 

Representative Hotirreip. Mr. Lieberman. 

Mr. LieserMANn. The total development in all waste-handling facili- 
ties is estimated at about $200 million at the present time, of which, 
as I recall, there is something like $115 million in waste stor age facili- 
ties. This is the piping ares forth that goes with it, the tanks and 
so forth, about $35 million in the gas-handling facilities, and the re- 
mainder in the low-level waste and the waste handling. These are 

approximate numbers. 

Representative Hoi - Lp. We are really in this business. 

Representative VAN ZAnpT. Weare. 

What percentage of the $200 million is represented by the facilities 
at Hanford ? 

Mr. Lreserman. As I recall, and you can check me on this, the 
total investment in Hanford is $114 million, and I think they have 
about something close to $75 million in their tank storage facilities. 

Chairman Duruam. They still have some vacant space, of course, 
where they can store more? 

Mr. LreperMAN. Yes, sir. 

Representative Price. I would like to have some comment from Mr. 
Struxness on your apprehension about the slowness of the develop- 
ment of the program. What is the reason for this approach ? 

Mr. Srruxness. Part of what I was considering in making that 
statement was this: We at Oak Ridge National Labor: atory will have 
very litle, if anything, to say about the choice of location. This will 
be done by geologists and geophysicists, people who are familiar with 
this type of environment. It will be done, I am sure, in close coordi- 
nation with the U.S. Geological Survey. To some extent I suppose 
the State geological surveys will be involved, and so on. 

What I am a little bit apprehensive about is coordinating this cor- 
porate effort and actually getting it started, getting the preliminary 
explorations started. We cannot take any chance on injecting wastes 
even in a test well until we know completely the mechanics of this 
reservoir. That was what I had in mind when I made this statement. 

Chairman DurnHam. How much money did you spend on your 
project last year, do you recall ? 

Mr. Strruxness. Seventy thousand dollars. 

Chairman Durnam. Do you have anything in your budget this year 
for your project, that you know of ? 

Mr. Srruxness. This consists mainly of laboratory work by chem- 
ists who are studying the interaction between the wastes and the 
brines and the solid materials that we expect to encounter down in 
these formations. 

We will continue this work for some time. We can finish perhaps 
all of it, certainly a large part of it, before any location will have 
been selected and the reservoir explored. 

Chairman DurHam. How do you operate? Are you in a position 
to go out and hire your geologists and your geophysicists to deter- 
mine this strata in a given loc: ality in which you have some thought 
about placing one of “these places, or does that have to come from 
some other source ? 
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Mr. Srruxness. I believe the Commission, working closely with 
the U.S. Geological Survey and the State geological surveys, would 
enter into the decision as to where this test would be run and would 
actually do the exploratory work. 

I do not believe that our Laboratory would have very much to do 
with the preliminary explorations. 

Chairman Duruam. You have to have that determination made 
first ? 

Mr. Srruxness. That is correct. 

Where we would expect to come into the picture later on is when 
we actually run a test. 

Chairman DurHam. You are running it at the tail end of it and 
the other people, the people who are making the determination on 
radiation, go ahead of you. You are at the bottom of the totem pole. 

Mr. Srruxness. We could pursue it with more vigor but I doubt 
that it is necessary to el our efforts too much at this time. I 
think that decisions have to be made elsewhere on where we might 
run some of these tests. 


Chairman DurnHam. There is no use going out and spending | 


$100,000 in a place when you don’t know whether the geophysicists 
or the geologists will say that it is safe to put it there. 

Mr. Srruxness. As you said yesterday, Mr. Durham, we better 
know what we are doing before we do it. 

Representative Ho.irietp. I think this points my thought that 
there has to be coordination of this by the AEC to bring these differ- 
ent studies together and, if necessary, accelerate some of them in 
order that we might: in the first place start locating any new process- 
ing plants that are going to be necessarily close to a proper place 
of disposal, and also make arrangements to take care of the fission 
material that we will have in the interim. 

Mr. Srruxness. Yes. 

Chairman Durnam. I agree with Mr. Holifield. This thing is 
— on us day by day and night by night also. I think we have 
to get along with the job and make up our minds. 

Representative Horirretp. We have a number of these reactors 
going on the line in 1961, 1962, and 1963. 

Representative Van Zanpr. Fifteen of them ? 


Representative Hoxirretp. Seventeen of them that are now being 


operated or constructed at this time and, of course, you have this 
Euratom program starting, and we will have some of the waste limits 
from that coming back to the United States for processing and burial 
of the waste material. 

Even if you went into this thing on a crash program basis, you 
would just about be ready to start handling it by the time you are 
going to need to start handling it. 

Mr. Srruxness. If you are interested, I might give you this figure. 
This year we are spending $350,000 on our salt investigations in 
contrast to the $70,000 we are spending on deep-well disposal. 

Chairman Durnam. Are you spending that now on the basis of 
the geologists and the determination being made that these places 
are going to be worth anything to you? 

Mr. Struxness. No, sir. The problem in salt is much easier. All 
we have to do is find the suitable facility already mined out and 
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conduct these field experiments, so we are prepared to begin these 
very soon. 

Actual construction of our first test cavity will start within a month. 
The first test will start by July. 

Chairman Durnam. I don’t know how much salt there is in the 
country, but certainly we don’t want to destroy all the salt now be- 
cause that is quite important. 

Representative Price. These will be in abandoned mines, will they 
not ? 

Mr. Srruxness. The first test will be run actually in an active mine. 

Representative Price. In an active mine? 

Mr. Srruxness. Yes. 

Chairman Durnam. I don’t understand that. Why is that? 

Does he get more out of selling salt that way than he will by putting 
salt up in boxes? 

Mr. Srruxness. I might say that these first tests will not involve 
radioactivity and we locate the test cavity away from the active work- 
ings of the mine so that we do not interfere with salt production. 

Representative Price. How are you going to make an adequate test ? 

Mr. Srruxness. In the preliminary test, we are interested pri- 
marily in the heat distribution, the heat conduction away from the 
cavity, and also the possible migration of the liquid out into the salt. 
So we will have some 120 thermocouples and moisture indicators in 
the salt surrounding the test cavity. 

Representative Price. I thought one of the important things also 
was radiation. Where are you going to get your radiation ? 

Mr. Struxness. Later on we plan to use tracers in several cavities. 
But many of the answers in the migration of fission products through 
salt we think we can find out in the Laboratory working with small 
test specimens. 

Representative Van Zanpt. Have you looked at the salt mines in 
northern Pennsylvania ? 

Mr. Struxness. Dr. Heroy, employed as a consultant to our Labora- 
tory, looked at most all of the active salt mines in this country. We 
were quite surprised to learn that the International Salt Co. and the 
Carey Salt Co. were willing to let us use their property to run these 
preliminary tests. 

Representative Price. Incidentally, where are the major number of 
salt mines in the country ? 

Mr. Srruxness. I am sorry, Mr. Price. I am not an expert in that 
field. I would rather if Mr. Heroy would answer that question. 

Representative Horirrecp. Mr. Heroy. 

Mr. Heroy. There are two in New York State: one near Ithaca and 
one near Canandaigua, which is south of Rochester. The one south 
of Rochester is much the larger and I presume probably the largest 
salt mine in the United States in the point of production. 

There is one in Michigan, in Detroit or under Detroit. There are 
three in Kansas that are operating at the present time, the north and 
south mines extending from somewhat west of Wichita across the 
State. 

There are two that are operating in Texas and then there are, I think, 
four in Louisiana that are also operating in salt domes. There are no 
abandoned salt mines in the gulf coast. 
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Does that answer your question ? 

Representative Houirietp. Yes; it does. 

Representative Price. I can’t challenge it, that’s a cinch. 

Mr. Srruxness. Getting back to the level of effort at our institution; 
and, by the way, work is ‘also going on at the University of Texas on 
disposal in salt, as we go from laboratory studies with synthetic 
studies to laboratory studies with actual wastes and to field tests, 
Congress can very well expect requests for more money. 

Chairman Durnam. Are they under direct contract at the Uni- 
versity of Texas with the AEC? 

Mr. Srruxness. Yes, sir. 

Chairman Durnam. That is the only one you have outside of your 
own work? 

Mr. Srruxness. I believe that is correct, sir. 

Representative Van Zanpr. Are you familiar today with what we 
have in the way of available storage facilities to meet the future de- 
mand and how many years does that future represent 

Mr. Srruxness. I am told, and I get this figure from Mr. Heroy 
again, that in the present day enough space is mined out of salt to take 

sare of all of the high-level wastes we would expect to produce be- 
tween this year and the year 2000. 

Representative Van Zanpr. This is storage in the salt mine? 

Mr. Srruxness. Yes. 

Representative Van Zanpr. What about the existing storage 
facilities? 

Mr. Srruxness. The tank storage? 

Representative Van Zanpr. Yes. I think the chairman mentioned 
a moment ago that we have a surplus at the present time, due to the 
facilities are not filled up. 

Mr. Struxness. Essentially 90 or more percent of the liquid wastes 
in this country are at Hanford, and there are Hanford people in the 
room. Perhaps one of them could answer that question. 

Mr. Lizserman. I think I can give a part of the answer. 

The total quantity of high-level waste in storage has been estimated 
at somewhere between 60 and 65 million gallons. As I recall, the 
total available tankage in this country is something over a hundred 
million gallons; I think 103 million or 105 million. 

Representative Van Zanpr. Then we have about 65 percent of our 
present storage facilities filled ? 

Mr. LieserMan. That is about right. 

Representative Van Zanpr. With waste material ? 

Mr. LieperMan. Yes, sir. 

Representative Hosmer. Does it not seem that whatever method is 
used we probably should be looking toward using it somewhere near 
the Hanford area where most of the waste is accumulated to avoid the 
transportation problem, or should we look to the future as to where 
we are going to have the most atomic energy generated ? 

Mr. Srrvxness. The committee will hear later tes stimony on the 
interest that many people have of the possible utilization of fission 
products in these wastes. 

This is important to consider. Until we get some idea of the poten- 
tial utilization of these fission products and until we have developed 
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completely these ultimate methods of disposal, I strongly suspect that 
we will continue to store these wastes in tanks. 

Representative Hosmer. You think it is a good idea then because 
it is readily available if we do want to get the fission product out for 
some usable purpose ? 

Mr. Struxness. I personally believe that we will be up to our necks 
in fission products some day and we will have to develop these dis- 
posal methods, but certainly one should consider the potential value 
of these things as well. 

It is also true, I am told by the people who are interested in fuel 
processing and who know the tank-storage problem better than I, that 
tank storage is economic, that at this time it is possibly the cheapest 
method we have of storing these wastes. 

Chairman DurHam. We recover about what? Four or five percent 
of it, and store the 95 percent of it in tanks. 

Mr. Srruxness. It is true, the market today is largely unexplored, 
but there are private companies that are looking at the potential market 
for these fission products and I believe you will hear testimony later 
today on this very subject. 

Representative Van Zanpr. May I ask Mr. Lieberman another 
question ? 

Representative Hotirretp. Surely. 

Representative Van Zanpr. With respect to this 40 percent, we will 
say, of excess storage space available at the moment, how many years 
will it be before such space is filled ? 

Mr. Lieperman. I don’t know whether I can answer your question 
directly. I willtry. I think one of the things we have to remember 
is the tank space that is presently filled as a result of the past produc- 
tion program for plutonium, and one has to keep in mind that at least 
in the immediate future the waste that will be produced in the power 
program will probably be at a much smaller rate than that which is 
associated with the production program. 

At the moment I am not prepared to assign specific numbers to this. 
On the other hand, I think we can say that we have accumulated the 
- million gallons over the life of the atomic energy industry as we 

now it. 

This is perhaps 14, 15 years at Hanford, and 6 or 8 years at Savannah 
River, and roughly the same at Idaho, so if you wanted to make a 
straightline extrapolation, the 40 percent would be filled in 40 percent 
of the time that isalready elapsed. — 

Representative Van Zanpr. Would you say 10 years is a good guess? 

Mr. LieserMan. No, sir; I don’t think I would because the point 
has been made a number of times already that in the whole chemical 
reprocessing business—it might be that sometime in the future, but I 
don’t think this is in the immediate future—we might be able to find 
out a better way to process these fuels and we will not have such 
large volumes of these wastes. 

However, I think it is probably fair to say at least in the next 10 
years processes that are now being used will continue to be utilized, 
but at the same time there is a substantial effort, and I think it is meet- 
ing with considerable success, to reduce the unit volume of waste that 
is produced, so that if I were to say that in 10 years this 40 percent 
would be filled up, I don’t think I would be quite correct. 
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I think it will probably be a longer time than that. 

Representative Van Zanpr. The purpose of the question was to then 
ask you, Mr. Struxness, in view of the fact that we have, we will say, 
10 years ahead of us as far as space is concerned, do you think our 
present rate of effort in research and development is adequate? 

Mr. Srruxness. The development of disposal of liquid waste in 
salt, I personally believe, can be worked out in the next 2 or 3 years. 
It is not so much whether it can be done. It is just how to do it. 

The deep-well disposal I would hesitate to guess. I suspect that 
once a site is selected it might require the geologists and the geophysi- 
cists and the petroleum engineers and so on, 3 years of exploratory 
work before they would even let us conduct a test. 

This would mean then, that if we pursued vigorously the selection 
of a site for deep-well experiment, we might be ready to run a test in 
3 or 5 years and have some significant results in 10. 

In the-case of salt, I honestly believe that we could work this out in 
the next 3 years. 

Representative Van Zanpr. That isall. 

Representative Hoxirrevp. I might, for the record, say that last 
August 4, we passed a bill providing for $15 million on the project 
59-A-1 for plant modifications and for processing of peepeoentill 
spent fuels at undetermined sites. 

I don’t know how that has been spent or whether the sites have 
been selected, but certainly, some of these factors ought to go into 
selecting sites. 

At ARCO we built a new waste storage installation costing $3,200,- 
000. There isa total of $18 million that we put in last year’s authori- 
zation bill, and we have not seen what they are going to ask for this 

ear. 

It shows that we are dealing with some pretty substantial amounts. 

Are there any further questions to Dr. Struxness ¢ 

If not, sir, we thank you. 

Again we have additional papers for the record, and without ob- 
jection, I will insert them at this point. 

(The material referred to follows :) 
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STATUS REPORT ON WASTE DISPOSAL IN NATURAL 
SALT FORMATIONS 


By 


PF. Le Parker, L. Hemphill, and Julian Crowell,+ 
Oak Ridge National Laboratory 


The hazards created by radioactive fallout from the weapon-testing 
programs prompts an investigation into the source, magnitude, and disposition 
of the other radioactive debris generated in our nuclear age. The major source 
of radioactive wastes from peacetime uses of nuclear energy will be those pro- 
duced by the irradiation of fissionable fuel in nuclear power reactors. The 
present rate of world-wide bomb testing has been estimated to be 10 megatons 


(1) 


of fission bombs per year. This rate could be continued with safety for the 


next thirty years, but should be reduced to 5 megatons per year for indefinite 
(1) 


testing. If the growth of nuclear power in the United States proceeds as 


predicted by Lane, we may expect to have 70U,000 megawatts (thermal) of installed 


capacity by the year 2000. (2) 


Assuming a utilization factor of 100 per cent, 
we shall produce over five hundred times as much radioactive waste per year 
as we are producing in bomp tests. If we assume that world-wide usage of 
nuclear energy will approximate that of the United States by the year 2000, 
peacetime uses will generate a thousand times more fission products than bomb 


tests. The total peacetime fission-product load is actually greater, because 


megaton bombs send over half of their fission products into the stratosphere 


+AEC Radiological Physics Fellow with the Health Physics Division, 


ORNL. 
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where the average airborne time is ten years, allowing for decay of many of 
the short and intermediate-lived fission products before their return to the 
earth by fallout.) Therefore, it is imperative that safe means be found 


to handle the radioactive waste products from nuclear reactors. 


Sources of Radioactive Wastes 


The major source of radioactive wastes in the future will be from 
stationary central power stations. Radioactive wastes from marine, research, 
test, irradiation, and package power reactors will be negligible in compari- 
son. The fission products are formed when a neutron splits the fissionable 
atom into two unequal fragments (fission products) with the simultaneous release | 
of neutrons and energy. Fission products, the principal radioactive constituents | 
of reactor wastes, are produced in individual yields ranging from 0.00001 to 


6.5 per cent. This is a function of the fissionable material and the energy 


of the neutrons. The fission products remain inside the fuel elements in a 


heterogeneous type reactor until the fuel elements are dissolved. If the 
nuclear economy were such that the fuel elements could be stored until the 


fission products decay, then the waste-disposal problem would be relatively 
trivial, involving only the safe storage of solid fuel elements. However, the 
present low burnup of the fissionable material, approximately 2-20 per cent, 
makes it necessary to process the fuel elements to recover the unspent fission- 
able material. If, in the future, high burnup rates can be achieved, chemical 
reprocessing of the fuel elements may not be necessary. It is also possible 
that the supply of fissionable material, at reasonable cost, may become so 
great that the reprocessing and recovery costs are greater than the cost of 
initial mining and processing. For the present, at least, it is necessary 


to reprocess the fuel elements to recover the fissionable material. 
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schemes have been developed to reprocess present-day fuel elements as well 

as proposed elements. The fuel reprocessing field is in a constant state of 
flux. Therefore, we have limited our interest, initially, to the two existing 
processes producing the largest volumes of waste. Eventually the other waste 


streams will be studied. 


Waste Processes 


The two processes of immediate interest are called Redox and Purex. 
Their characteristics, as well as those of other processes now in use, are 


(4) 


given in Table I. The fuel elements are removed from the reactor and cooled, 
allowing the shorter half-lived fission products to decay. The fuel element 

is then dissolved. The Purex and Redox systems, being aluminum clad and alumi- 
num alloyed, use nitric acid. Stainless steel and zirconium fuel elements would 
have to be dissolved in aqua regia and gaseous HCl respectively. The fission- 
able and fertile materials are then separated from the fission products and 
cladding material by solvent extraction. The uranium is soluble in the organic 
solution and is separated from the aqueous phase containing the fission pro- 
ducts and cladding material. This is repeated a number of times to gain the 
required purity for the reclaimed fuel. The Purex and Redox systems differ 

in their organic solvents and the salting agents used to help the separation, 

30 per cent TBP in hydrocarbon and HNO, and hexone and A1(NO,), respectively. 
Over 99.9 per cent of the fission products are removed in the first solvent 
extraction. Table r1'5) shows the chemical constituents of the first cycle 


extraction as well as the volume and activity of the waste to be expected. 


Magnitude of Waste Problem 


Based on the predicted growth of the electrical industry and the 
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TABLE |. PROCESSES FOR CHEMICAL SEPARATION OF FISSIONABLE MATERIALS 
° Organic Aqueous Irradiated Salting 
oe Solvent Solvent Metal Feed Agent 
For Separation and Decontamination of U and Pu 
Redox Hexone HNO, Natural U, Al(NO3), 
Al can 
Metal Recovery 12.5% TBP HNO, Caustic precipi- HNO, 
in hydrocarbon tated U, 
fission products 
Purex 30% TBP in HNO, — Natural U, HNO, 
hydrocarbon Al can 
TTA chelation 0.25 MTTA HNO. Natural U, Al(NO3), 
in hexone Al can 
For Separation and Decontamination of Enriched U and Al 
25 Hexone HNO,, U-Al alloy Al(NO3), 
Ho(NO4). 
catalyst 
25, TOP 5% TBP in HNO,, U-Al alloy HNO,~Al(NO4), 
hydrocarbon Hg(NO.), 
catal yst 
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percentage of that which will be nuclear power, Zeitlin, et al. have predicted 
the waste volumes and activities to be expected if present processing schemes 


) 


are used, Figures 1 and 2 (6 Assuming a waste volume of 820 gallons per ton 
of spent fuel reprocessed and a nuclear generating capacity of 700,000 thermal 
megawatts and a burnup of 4000 megawatt days per ton, there will be an accun- 
ulated volume of one-half billion gallons of waste by the year 2000 and 3.5 x 
101+ curies of activity. 

If the present system of storing wastes in tanks is continued, the 
operating and capital cost of storage at $1.00 to $3.00 per gallon for 20 years 


(7) 


of waste storage quickly becomes astronomical. The hazard associated with 
such large amounts of liquid wastes at the surface where they may be subject 


to earthquake, sabotage, and explosion is great. Therefore, cheaper and safer 


methods of storage of radioactive wastes are needed. This is a preliminary 


- 
‘ 
‘ 

~ 


report describing the advantages and problems of one suggested method - ultimate 


u 

rc 

storage or disposal in natural salt. ‘ 
C 

Disposal of Wastes on Land : 
2 

At the request of the Reactor Development Division of the AEC, the u 

r 

v 

National Research Council (Earth Sciences Division) called a meeting at Princeton $ 
University in September 1955 to discuss the disposal of high level radioactive < 
2 


waste products in geologic structures. The conference was divided into two 
groups, those concerned with disposal at depths less than 1000 feet below the 
surface and those concerned with disposal at depths of 10,000 to 15,000 feet. 
As a result of these deliberations, the order of feasibility of radioactive 
waste disposal in geologic structures was determined to be: (1) storage in 


salt beds, salt domes, abandoned salt mines, and related structures; (2) storage 


of ceramic material or a slag formed from high-level wastes in sheds on the 
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Fig. 1. Accumulated Volume of High Activity Waste. 








92094 INDUSTRIAL RADIOACTIVE WASTE DISPOSAL 


UNCLASSIFIED 








- ORNL—LR-OWG 73458 
a - ticipants “ - 
5 
"4 
10 } 
f 
5 
2 
10 
ant? 
. } 
t 
t 
- 1 
- t 
a + 
y 1 
B 4 
5 
= 2 
* 
> 9 
- 10 
= if 
~8 
~ 
- 
2 
10° + 
5 } 
10° — - ~ — ~ —_—— ad 
1960 1970 1980 1990 2000 2010 2020 2030 


YEAR 
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surface in arid areas, or in dry mines; (3) disposal of the liquid wastes 


in porous media such as sandstone at comparatively great depths. (8) 


Disposal of Wastes in Salt Cavities 


The suggestion for the use of cavities in salt formations for the 
storage of radioactive wastes was prompted by the knowledge that the petroleum 
industry has been storing liquified petroleum gases economically and safely 
in salt formations since 1950. The first storage in dissolved cavities in 
salt beds took place at Hutchinson, Kansas, and Upton County, Texas, in 19h9. 
However, it was not until 1950 that storage in the Keystone Oil Field of 
Winkler County, Texas, proved so successful that the use of underground storage 


in salt for petroleum products was widely acceptea. 9) 


The growth in storage 
capacity since that time has been spectacular, from zero storage in 1950 to 
7,000,000 barrels* in 1952, and over 25,000,000 barrels in early 1957.(9)(20) 
The use of salt cavities for the storage of liquified petroleum 
gases was based upon lower costs and greater safety. Figure 3 shows com- 


parative costs for surface and underground storage. (1) 


For large volumes 
dissolved or mined caverns are much cheaper per unit volume than above ground 
storage. The greater safety of underground storage from a strategic point of 
view is obvious. It provides the maximum possible protection against the hazards 
of our nuclear age. (12) 
If the disposal of radioactive wastes in salt should prove equally 


successful, then one of the most vexing problems in the nuclear power complex 


would be solved. 





*42 gallon barrels. 
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Fig. 3. Comparison of Construction Cost Ranges for Various Types of Product Storage. 
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Advantages of Disposal in Salt Cavities 


The proposed use of salt formations as a storage and disposal media 


for radioactive wastes is predicated upon the following properties of salt: 


(1) Impermeability of Salt. Salt is impervious to the passage of 
water. Since salt goes so easily into solution, approximately 36 grams per 
100 milliliters of water, we can reason that if water had been able to penetrate 
any of the salt formations, it would have left cavernous holes and caves similar 
to those developed in limestones by the passage of water through cracks and 
faults. Actually, we could expect even larger holes and caverns in salt than 
in limestone on the basis of the relative solubility of salt and dolomitic 
limestone: (35.7 gm compared to 0.032 gm per 100 ml of cold water) a ratio 
of 1100 to l. 

However, the salt has moved plastically to repair these cracks and 
faults and, therefore, only the surfaces of the deposits have come into contact 
with water. The plastic movement of salt is well illustrated above the potash 
mines of Carlsbad, New Mexico, where surface slumps of 5 to 7 feet have occurred 
without cracks appearing in the salt formation overlying the potash. 

In salt mines some empirical tests have also shown the plastic move- 
ment of salt. At the Neu-Stassfurt Mine in Germany, at the turn of the century, 
measurements were made by placing fitted lead bars into holes 40 millimeters 
in diameter and 50 centimeters deep. (23) The bars at a depth of 1640 feet 
were jammed after a few months, those at 964 feet jammed after 2 years, and 
above 820 feet the holes remained open. Few of the salt mines in this country 
are below 1000 feet. Hence, there are few measurements of plastic flow under 


conditions likely to occur in mines. Most tests have been short-term tests, 


whereas in a disposal site we would be most concerned about the long-term 
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effects of moderate loads continuously applied. Other manifestations of the 
plasticity of rock salt are shown by the solid state physicists who cleave 
off the surface layers of salt crystals and then bend them into random shapes. 
Barnes also comments upon the plasticity of salt after the surface of the 


crystal has been wettea. (1) 


This accomplishes vhe same thing as the cleavage; 
the stressed planes are either annealed or removed. 

A massive illustration of the plasticity of salt is shown in the salt 
domes of the Gulf Coast area. Here the salt has flowed plastically through 
weaknesses in the overburden to form large plugs of salt in and among the over- 
lying sediments. This will be discussed in greater detail in the section on 
the geology of the salt formations. 

There is some disagreement as to the impermeability of salt. Tests 
during the development of dissolved cavities in salt have shown that salt may 
be somewhat permeable. In these solution cavities, however, it is possible 
to have lenses of impurities and it may be through these layers, or along the 
interfaces, that the fluid moves. However, liquified petroleum gases (LPG) 
and gasoline have been stored in salt without losses and salt mines have been 
operating for over 100 years without evidence of seepage of water. Therefore, 
the wastes stored in salt should not reach nor contaminate surface or ground 


waters due to the fact that they will not come into contact with these waters. 


(2) Wide Distribution of Salt. Salt is widely distributed, as shown 


in Figure 4 (15) Except for the Pacific Coast States, rock salt deposits are 
relatively close to all major population centers of the United States. ‘The 
cost of shipping fuel elements to the fuel element reprocessing plant at the 
disposal site, or from the reprocessing plant to the disposal site, is a major 


cost in the over-all fuel recycling-waste disposal cycle, as high as 60 to 70 
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per cent. (16) Therefore, the short distances from nuclear power plants to 
the salt-disposal sites could be a major saving. 

Halite, or sodium chloride, as it occurs in nature, varies to a 
marked extent depending upon its history. Having been usually formed by the 
concentration of saline waters and the precipitation of salts, the bedded 
deposits are interstratified with the other sediments of the saline waters - 
commonly clay, marl, sandstone, limestone, gypsum, anhydrite, dolomite, and 
shale. Consequently, the constituents of salt and its properties can vary 
quite widely. 

There are two basic types of salt structures, bedded and dome. 

The salt formations in the northern part of the United States as typified 

by the deposits in the Salina formation underlying 100,000 square miles beneath 
New York, Pennsylvania, West Virginia, Ohio, and Michigan; the Permian formation 
underlying 120,000 square miles beneath Kansas, Colorado, Oklahoma, Texas, and 
New Mexico; and the Charles and Jefferson formations in the western part of 
the United States, underlying 15,000 square miles beneath Montana and North 
Dakota, are bedded deposits of sedimentary origin. There the salt occurs in 
beds of variable thicknesses with overlapping lenses of varying purity. A 
known stratigraphic succession of the layers of rock salt beds cannot be pre- 
dicted to extend for distances of more than a few hundred feet, though it may 
extend many miles. Commercially important deposits of bedded salt are found 
in New York, Michigan, Ohio, and Kansas. They extend from the outcrop down- 
ward to depths of more than 5,000 feet. 


Bedded salt also occurs in several western states. Salt of Permian 


age is found in the Sevier Valley in Utah. Salt, believed to be of Pennsylvanian f 


age, occurs in the Colorado River drainage in eastern Utah and western Colorado, 
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the Paradox salt basin. The extent of the salt has not been fully determined 
but apparently is not less than 10,000 square miles. 

In the southwest, salt occurs in the Delaware Basin of New Mexico 
and Texas. The margins of the area are known only approximately, but the total 
area underlain by salt may be as large as 70,000 square miles. 

In northern Louisiana, southern Arkansas, and east Texas, bedded 
rock salt of Jurassic (or Permian) age has been reached in widely separated 
wells. The Eagle Mills (Louann) salt is seldom fully penetrated in wells, but 
thicknesses of 500 to 1500 feet are normal. It is estimated that this horizon 
underlies an area of 180,000 square miles on the Gulf Coast. Salt domes also 
rise from this formation. 

The greatest number of salt domes in the United States occurs in 
the Gulf Coast section, though several salt anticlines and domes have also been 
found in southeastern Utah and southwestern Colorado. Here salt from older 
sedimentary formations has flowed upward through fractures and weaknesses in 
the overlying rocks (sp. gr. 2.6 vs. sp. gr- 2-2 for salt) to form plugs and 
domes in the overlying sediments. The diameter of the plug may be as much as 
4 miles. The distance to the top of the domes varies from just below ground 
surface to depths greater than 10,000 feet. 

The known salt domes are over 200 in number. The best known group 
of salt domes is the Five Islands of southern Louisiana, characterized by surface 
uplifts overlying the salt masses, and by the shallowness of the salt, less 
than 300 feet from the surface. At a depth of 1000 feet, these domes are a mile 
or more in diameter. 

A more detailed description of the location of salt deposits is pre- 


sented in the Appendix to reference 8. 
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At present the main interest in salt domes has been that of oil 
companies searching for oil along the salt barriers. The oil companies are 


also finding it highly profitable to store 1 billion gallons of LPG in cavities 


created by solution mining in salt domes. This is more than four times the 


volume of high-level .adioactive wastes expected to be produced from now till 


UNCLASSIFIED 
a i. aan 


games 


the year 2000. 


(3) Volume of Salt. The volume of salt in these domes in Texas 
and Louisiana alone is more than 3 x rol cubic feet at depths less than 
1000 feet and more than 5 x 10% cubic feet at depths less than 5000 reet, (27) 
or enough to provide the world's need of salt (at the present rate of con- 
sumption) for over 6000 years. These deposits, of course, are infinitesimal 
in comparison to the enormous amounts in the bedded deposits underlying wide 
geographic areas. 

As of 1943, the estimated reserves of salt in the various states 


totaled 60,000 billion tons as shown in Figure 5. (18) 


In Figure 4 it is 
observed that large deposits of salt in North Dakota, Montana, Arizona, New 
Mexico, Arkansas, Mississippi, and Alabama, have been located since that time, 
and this estimate must, therefore, be increased. It is obvious that there is 
no shortage of salt. There is little likelihood that we will contaminate or 
render useless a valuable natural resource. There remains, of course, the 


salt in the ocean if that improbable event should occur. If all the salt in 


the ocean were recovered it would total 4 1/2 million cubic miles. 


(4) Structural Properties of Salt. The strength of salt as a 


structural material is such that cavities 100 feet high, 100 feet wide, and 


3000 feet long, can be opened at depths 700 feet below the ground surface and 


remain open without support of any kind. Figure 6, taken at the Kleer mine 





2103 


INDUSTRIAL RADIOACTIVE WASTE DISPOSAL 


"$@1D4S Aq “EH | JO SO SOIDIS POUL] O44 JO SOAIASeY 405 poyou 4s yO UOIINGINSIQ. “¢ *Bi4 





000‘OT vous esey oO 


4 

sewop i1"S ' 000‘ 0T -cooT © 

S31 e0dep efvi¢d pus ene of GOOT -O0T © 
#2180 dep peppeg = sis OOT "TeEr eee7 © 


(806T J© OF) weg as0qe Zo sUOTITTG aT ‘seqes0 fq ‘eameny 


NOLLYNV 1x3 





ES9CE “OMO-e 1 INYO 
Qa14aISSv NN 











INDUSTRIAL RADIOACTIVE WASTE DISPOSAL 


= 
© 
— 
N 








ISLISSV TONY 


ve 


he 


re 





G] 


~ a 
a * 


i 


ca 














INDUSTRIAL RADIOACTIVE WASTE DISPOSAL 2105 


of the Morton Salt Company at Grand Saline, Texas, shows the inside of a 
typical dome deposit mine. In Colombia, South America, there is even a 
cathedral inside a salt mine. The compressive strength of rock salt is about 
5000 pounds per square inch. This compares with a compressive strength of 
50,000 pounds per square inch for steel, 12,000 pounds per square inch for 
granite, and 5000 pounds per square inch for sandstone. As discussed earlier, 
the physical constants given for salt are a function of the history and com- 


position of the specimen and the variations in samples can be quite striking. 


(5) Thermal Conductivity of Salt. Salt has a high coefficient of 


thermal conductivity in comparison to other rocks as shown in Table III. 
The higher coefficient of thermal conductivity, though low by 

comparison with the metals, will enable the heat generated by the fission 

product decay to be more quickly dissipated to the surrounding areas than 


would be possible in other rock media. 


(6) Containment in Salt. One other advantage in the use of salt 


as a disposal medium for radioactive wastes is that radioactive materials still 
remain accessible if, at some future time, recovery should seem desirable. The 
value of some of the rarer elements produced by fission-product decay could 
help to pay for the disposal operations. Other disposal methods preclude the 
recovery of valuable by-products, except at extraordinary effort and expense. 
Glueckauf has estimated, at 1955 prices, that the resale of the decayed fission 
products - ruthenium, rhodium, palladium, and xenon - alone would amount to 


$180,000 per ton of U235 purnea. (29) 


(D Economics of Developing Space in Salt. The cost of developing 


space in salt formations is low. Under average conditions solution cavities 


can be formed for 1 to 5 cents per gallon for capacities of 1 to 2 million 
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TABLE Ill. 


UNCLASSIFIED 


ORNL-LR-DWG.-25286 


THERMAL CONDUCTIVITIES 


MATERIAL 


COPPER 
IRON (99Fe 1 C) 
BASALT 


CONCRETE 


EARTH'S CRUST, AVG. 


FELDSPAR 

GYPSUM 

QUARTZ Il TO AXIS 
t TO AXIS 

ROCK SALT 


SANDSTONE 


SOIL, DRY 


TEMPERATURE 
(°C) 


100 
100 
20 
20 
20 
20 
1) 
100 
100 
100 
40 


20 


Btu/(hr (sq ft) (°F/ft) 


222.8 
26.1 
1.3 
0.5 
1.0 
1.4 
0.8 
5.2 
3.2 
2.8 
1.1 


0.1 
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(20) 


gallons. Larger cavities are cheaper. Wells are drilled to the rock 
salt and water pumped down to dissolve the salt, and then the brine is pumped 
pack to the surface. Solution cavities, in addition to their lower cost, 


could handle liquid wastes and even some solid wastes. Excavated cavities 


9(21) (20) 


are higher in price; normal costs range from to 10 cents per gallon. 
The structural qualities of salt allow modern excavating equipment to be used 
without regard to headroom considerations as is evident in Figure 6. Therefore, 
space can be easily and cheaply mined; in fact, so much so that the salt sells 
for as little as $3.00 per ton at the mine. (22) Mined cavities allow access 

to the disposal area, give greater flexibility in the use of the space, allow 

the cavity to be placed in the soundest formations, allow inspection prior to 

use, and eventually would make recovery of the decayed fission products easier. 
This would be true for both solid and liquid wastes. Table IV shows the relative 


advantages of various underground reservoirs for petroleum products. ‘#2? The 


game relative ratings should hold for underground storage of radioactive wastes. 


(8) Seismic Disturbances in Salt Areas. Salt formations are located 
in areas of low seismicity; therefore, we may expect only small and infrequent 
disturbances to the structure. 

Figure 7 shows that in the areas in which salt formations are located, 


(24) 


few, if any, earthquakes of appreciable force have occurred. 


Problems in the Disposal of Waste in Salt Cavities 


Despite all the favorable factors, the storage of radioactive wastes 
in salt has not yet taken place because the conditions involved in waste storage 
will be different than those ordinarily encountered in LPG storage or mining 


of salt. The degree to which the desired structural properties of salt are 


87457 O—59—vol. 3——_19 
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TABLE IV. ORNL-LR-DWG, 2894 
COMPARATIVE RATINGS OF UNDERGROUND RESERVOIRS FOR PETROLEUM STORAGE 








Cost of Total of Economic 
Cost of Lack of 
Type of Reservoir Injection and Factor Preference 
Construction Contaminants 
Recovery Ratings Rating 
' 
Solution cavity in salt dome ] 1 2 4 | 
Solution cavity in bedded salt 1 2 2 5 il 
Mined cavity in shale or salt 3 2 ] 6 i 
Mined cavity in hard rock 5 ] ] 7 lV 
Natural trap reservoir in ] 3 4 8 Vv 
porous rocks 
Abandoned mine or natural 3 5 1 9 Vi 


cavern (would be rated high 
if easy to seal) 


Underground storage considered impractical in areas of volcanic rocks, mineralization, extremely comple 


structure, or excessive general permeability. | 
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affected by liquid wastes, pressure, temperature, and radiation will deter- 
mine the role of salt in the disposal of radioactive wastes. 

A seven-point research program to determine these effects has been 4 


initiated at the Oak Ridge National Laboratory as shown in Figure 8. 


ian 


I Heat Calculations. As will be shown in Section III the plasticity 
of salt and therefore the structural integrity changes to a considerable degree 
with temperature and pressure. Therefore, it is necessary to determine the 
temperature rise in salt due to the storage of radioactive wastes in cavities 
in salt formations. Initial attempts to determine the maximum temperature 
possible in a salt cavity have been confined to the simpler geometric cases - 
flat plane, sphere, and a cylinder. 

To further simplify the calculations, the heat generating source 
(tne decaying fission products) was assumed to be constant. The thermal con- 
ductivity, the density, and the specific heat were assumed to be independent 
of the temperature. Finally, the heat was assumed to be dissipated by con- 
duction alone, no changes in state were allowed, no convective currents were 
permitted in the wastes, and the salt surrounding the cavity was assumed 
infinite in extent. All these assumptions, except the last one, are on the 
safe side, that is, in the actual case, the temperatures will be reduced. The 
solution can be further simplified by solving for the steady state case only- 

If the law of conservation of energy is applied, the heat in the 
sphere after time, t, is equal to the heat originally in the sphere, plus the 
heat entering, minus the heat leaving, plus the heat generated in the sphere 


or: 
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And if the law is also applied outside the sphere the equation 
is: 
1 d - aT 
c Ss 
—~ =< (x ) = 0 
r dr dr 
Furthermore, if the law of continuity is applied at the boundary 
of the sphere so that the temperature at the boundary is the same inside and 
outside the sphere, and if the heat flux at the boundary of sphere is the 
same inside and outside the sphere, mathematically: 
m soc m 
+ _ + 
wW s 
a T,, 
and K = = K 
Ss Ww 
r x 


ct 
' 


radial distance from center of sphere, Ft 


temperature in 


temperature in 


thermal conduc 


thermal conduc 


heat generating source, 


. : oO 
the waste solution, F 


radius of sphere, Ft 


radius of salt 


time, hours 


thermal diffus 





the salt, °F 
wy, a 2 op. . 
Hr Ft F HrFt F 
A: BTU Ft BTU 
tivity, waste ——— Se 
Hr Ft F HrFt F 
BTU 
Hr Ft? 
media, Ft 
ivity = E = Ft? /Hr 
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A 2 
T = ° a ‘ 
w 
3 K. 
a“ 
and ifK = K_, T = A and if K————» © (that is the 
w s w ° Ww 
ek. 
waste is considered infinitely well stirred) then: 
Aaa” 
Ses = 
3K 


If we limit the maximum temperatures to be permitted at the edge of 
the sphere, then the maximum concentrations of heat generating sources (fission 
products) allowed in spheres of various sizes are shown in Figure 9.625) 

If it is assumed that there is thermal convection in the wastes, all other con- 
ditions remaining the same, then the permitted concentrations of fission products 
in spheres are shown in Figure 10. (25) 

Professor Birch of Harvard University has solved analytically the 
transient problem for a flat plate and a sphere with a decaying heat generating 
source for the case of equal conductivity and specific heat for the waste and 
the salt and for the case of infinite conductivity of the waste or a well-stirred 


(26) 


waste. The former is the same as the correct solution for the equations 


on page 287 and page 288 of Carslaw and Jaeger or: (27) 


A 
2a 2 atr 2 a-r 
O<r<a (r,t) = — 1+ —— (i erfe —— - i erfc ——) 
o C [ r \ke" \uke 


> Sh. wae Shek . ie 2--F) 
r ae Vike 


and for r> a 
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Fig. 9. Heat Source Required to Achieve Steady State Temperature in a Sphere. 
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Fig. 10. Heat Source Required to Achieve Steady State Temperature in a Sphere. 
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These, of course, reduce to the results obtained by Julian Crowell 
when the steady state is reached (i.e., when t————» %). When the heat 
generating source is assumed to decay exponentially, Birch derives the 


following solution: 











A aé om 2 2 
“ a / wz 
r = 0; T (0,t) = 2 e™ € [SE erep - 2B. eB) 
2ck Yr g? 
a/ Nuke 
and forr = a 
| oo 
2 
Aa 2 jane 2 
T(a,t) = 2 3e** ¢* /%8 (erfp - Eee 3 oe ) - 
3CK a/ VRe B\TT B 


The functions in the last two equations are not tabulated and, 
therefore, must be integrated numerically. 
Numerical integration by hand of a number of cases can be quite 


tedious. However, Professor Schecter of University of Texas working inde- 


pendently has solved the above equations, assuming a decay rate varying with 
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time and had it programmed on the ORACLE (digital computer at ORNL). His 
results give the maximum temperature for any waste concentration in any size 
(28) 


sphere for 2, 6, and 10-year cooled wastes. They do not give, however, 


the time-space distribution of the temperature. The proper size of a test 


cavern which would give temperature results in @ reasonable time was deter- - 
W) 
w” 
mined by the temperature, time, and space relationship of a 6-year cooled 
z 
> 


waste, (2 BTU/hr/gal) with a constant heat generating source (for ease in con- 
Based upon Professor Birch's statement, "that heating the liquid 

some hundred degrees (Centigrade) or so would not produce drastic physical 

changes, and that plastic deformation of shale or evaporite layers, if 


; ; at ; 20) 5 
continue to provide a tight contetner,™ ) it was 





decided to limit the temperature rise at the edge of the sphere to 200 F. 
This would also eliminate any necessary corrections due to changes in state 
as the temperature is kept below the boiling point of the wastes. Using 
Crowell's curves, it was found that for 2 BTU/hr/gal waste that a sphere, 
10 feet in radius, would not reach a temperature greater than 200° F for the 
case where the thermal conductivity of the waste is infinite. 
Based on Birch's and Goldenberg's equations, 9? the time-space dis- 
tribution of the temperature for a 20-foot diameter sphere with a constant 
heat generating source and thermal conductivity of the waste equal to the ther- 
mal conductivity of the salt was found to be that shown in Figure ll. 

Work is continuing now to determine the time-space distribution of 


temperature for the case where the heat generating source is decaying as a 


function of time and where the thermal conductivity in the sphere is equal to 


infinity. 
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In all the cases treated above, the heat has been dissipated solely 
by conduction. Preliminary studies by G. W. T. Kearsley of the Chemical 


y Division on the use of natural convection for cooling wastes in 


Technolog 
salt indicate that it may be feasible under certain conditions. Further studies 


- 


of the use of natural convection systems are under way. Though not restricting 


yurselves to natural convection and conduction systems, the desirability of 


such a system is apparent if the cooling periods are considered. f a mechani- 
cal cooling system should be required over the long periods that the wastes 


must be stored, storage in salt cavities might be uneconomical. 


Il. Chemical Compatibility Typical chemical composition of rock 
/ 0) 
salt deposits are given in Table vy. “The chemical composition may be more com- 


plex than 


ct 


mple formulas cited, but these are the compounds analyzed. 


~~ 


ne s 


Solubility. The studies of the solubility of NaCl and its associated 
impurities, CaCl, MgCl, and CaSO, , with synthetic Purex and acid aluminum 
nitrate non-radioactive wastes, neutralized and untreated, have shown that the 
salts are soluble in the neutralized and untreated wastes to the same degree, 
about 50 to 90 per cent of the solubility in distilled water, depending upon the 


ation of the wastes, except for calcium sulfate which is five to ten 


Q 
oO 
5 
oO 
o 
5 
co 
5 


times as soluble in acid and neutralized solutions. The results obtained by E. 
Eastwood are shown in Table VI. The solubility changes due to the use of radio- 


active wastes will be studied. 


Gas Production. Chlorine and nitrogen compound gases are generated 


when the unneutralized wastes and the chloride salts are mixed. The highly acid 


ni 
ni 


rate wastes upon contact with the sodium chloride oxidizes the chloride and 


co 


generates a gas which appears to be predominantly chlorine and nitrogen compounds. 
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TABLE V 


COMPOSITION OF ROCK SALT 








Retsof Detroit Avery Island Hutchinson Natrium 

New York Michigan Louisiana Kansas West Virginia 
Moisture % 0.015 0.114 0.019 0.670 0.350 
Water insoluble % 0.962 0.756 0.711 1.407 1.070 
CaSC 0.743 0.872 0.225 0.857 1.600 
CaCl 0.006 0.053 0.010 0.034 0.230 
MgC 1 0.002 0.02% 0.009 O06 j suse 
M80, = = = sense ewer etme 0 meee ewe 
Na.SO, mm mm me ee ew 
CCl ee eee wwe 0.310 
NaCl 98.262 98.181 99 .026 96.970 96.440 

99.990 100.000 100.000 100.04 100.00 
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The rate, volume, and composition of the gas under the varie 


lined above are presently under study at Oak Ridge. 





upon such a liquid system is to tend to hasten the rate of the reaction and 
to carry the reaction further as the radiation induces V centers in the sodium 


chloride which traps holes and upon dissolution oxidizes the chlorides t 


Pat 
~— 


chlorine.* (V centers are holes trapped at positive ion vacancies 
aggregates of vacancies. ¥ centers are also fcrmed when the crystals are exposed 
to the vapor of the halogen.) 

If the wastes are previously neutralized, the production of gas 


negligible. The effect of radioactive neutralized wastes on salt will be 


The results of these experim 
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to be neutralized and saturated with salt prior to disposal in sait cavities. 


The generalized flow sheet wili then lock something like Figure le. 


it is known that water molecules will migrate in rock salt to some exten 


The migration of radionuclides in salt has been ficult 


HY 


articularly di 


? 


to determine in the laboratory because undisturbed samples cannot be obtained 


3 


a 


ct 


ests of the samples used have shown in most cases that the samples were 


7 
41a 


fractured in the mining process. Large samples of rock salt have been obtained 
and the migration of radionuclides in these blocks at various temperatures will 


be studied. It is obvious that the typical properties of the salt in the labora- 


ct 


ory are not the same as they would be in a mine because of the release of the 


overburden pressure. Therefore, the tests in the laboratory can only prove that 
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oe 


salt is impermeable, but not disprove it as the relief of the overburden pressure 
and the possible fracturing of the sample can only lead to a more permeable 


sample. 


III. Physical Stability of the System. The effect of radiation upon 
NaCl is well known for single crystals The solid state physicists have found 
the alkali halides particularly applicable to their studies of crystals, and hence 
there is a large amount of information available. It appears that there is a 
finite limit to the radiation damage possible. An upper limit to the concen- 
tration of F* and V centers is set by the fact that when an F center gets close 
enough to the V center, the electron in the F center can tunnel through to the 
V center and annihilate the positive hole. The maximum degree of decomposition 
of the salt is indicated to be of the order of one-tenth of 1 per cent. 32) 
The structural properties, however, can change to a greater degree. 
The effect of x-ray irradiation upon rock salt has been to increase its hard- 
ness, tensile strength, and modulus of elasticity.‘>>) 
This has been attributed to the pinning of dislocations by vacancies 


(34) 


which condense near dislocations in the crystals. The effect of radiation 
upon salt aggregates is being studied at the University of Texas with samples 


irradiated at ORNL. 


Mechanical Properties of Salt. Most of the experiments to determine 


mechanical properties of salt have been performed on single and synthetic crystals. 
Therefore, the results do not have a great deal of pertinence to the problems 


encountered in salt cavities. These values can vary considerably for rock 





*F centers - electrons trapped at halogen ion vacancies or when the 
crystal is exposed to the vapor of the alkali metal. 
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crystals and aggregates. The values quoted below are for rock salt aggrega- 
tions of crystals rather than for synthetic and single crystals. Most of this 
work has been performed by M. Stamatiu, a Roumanian mining engineer, in the 
early 1930's. (39) The only comparable work on aggregations of crystals is 
that currently under way at the University of Texas under Professor Gloyna. 
Table VII gives the mechanical properties of three types of rock salt found 
in the mines at Slanic-Prahova, Roumania. Table VIII gives the chemical con- 
position of the three types of salt for comparison with American rock out- 
lined in Table V. Since the chemical compositions are very similar we may use 
these values as a guide for the design of the cavities. For the final designs 
we shall have to take a number of samples from the salt to be excavated. The 
work of Stamatiu has shown that even in the same bed, the properties can vary 
considerably. 

The increase in plasticity in rock salt crystals with temperature 


(36) 


and pressure is quite rapid as shown in Figure 13. It is apparent then 
that the temperature and pressures in the waste-disposal cavity will have to be 
kept below those temperatures and pressures which would cause enough plastic 
flow to make the structure unsafe. The plastic flow of rock salt aggregate is 
presently being measured at the University of Texas. It appears that as long 
as the temperature is kept below 200° ¢ and a pressure of 100 e/um= there will 


be no short-term plastic deformation in the mine. (1 gram per millimeter squared 


is approximately one-tenth of an atmosphere. ) 


Migration of the Waste Storage Cavity Through the Salt. A major deter- 


rent to the storage of iiquid radioactive wastes in salt cavities could develop 


if the heated and evaporating wastes were to condense upon a salt roof, dissolve 


the salt, and fall back to the wastes. This process, if continued for a period 
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TABLE VII 


PHYSICAL PROPERTIES OF ROCK SALT OF ROUMANIA 





Pounds per Square Inch 





Average for 





White Mottled Gray samples from 

salt salt salt 5 mines 
Compression 4720 5260 5320 4680 
Tension 132 231 398 142 
Bending 409 365 772 425 
Shear 328 251 355 355 
Unit Compression at Rupture 4.9% 4.14% 0.5 - 4.0 
Poisson's Ratio 0.2 - 0.5 
Density lbs /Ft? 122 - 125 
Hardness, Mohs Scale ee 
Modulus of Elasticity -085 - .28h x 10° 


In general, one may say that rock salt behaves as a good concrete. 


2128 INDUSTRIAL RADIOACTIVE WASTE DISPOSAL 


TABLE VIII 


MEAN CHEMICAL COMPOSITION OF ROCK SALT OF SLANIC 





composition White Salt Mottled Salt Gray Salt 





NaCl 99.6612 99 .0036 90. 
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[ o oe 
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Fig. 13. Plastic Flow Curve for Natural Rock Salt. 
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could progress through the salt formation and perhaps eventually 


the structural collapse of the mine. The possibility of this occurring 


ii 


The problems related to disposing 


have been briefly outlined in 


+he n 


th Li In storing solid radioactive wastes 
The only major problem then is th 
heat generated and the de-entrainment of the aerosols from 
cooling stream. 
solid wastes in salt mines o "Ss Many advantages 


be afest and cheapest method if the transformation of the 


+ Vil 


can be economically achieved. One major advantage 


uv 


stes in salt is that they are not required to be nonleachable 
since no water will come into contact with them. Another advantage 
the solid forms are properly designed, cooling will be easier 
liquid wastes. Cinder blocks might be one design, 
area to volume, and easy to stack. 
However, since there are at present no large amounts 
element reprocessing wastes converted to solid form, the fie 
been designed to test the safety, economy, and efficiency of 


liquid wastes. 


A Preliminary Conceptual Design. A preliminary conceptual design 
of what an operating facility in salt might look like is given in Figure lk. 
The field experiment is being designed to answer the questions raised in the 
paragraphs above with reference to this proposed conceptual design. 


the test will answer the technical questions of how good an approximation 
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the physical model has our mathematical model been and how representative of 
field conditions have our tests in chemical compatibility and physical stability 


of the system been. 


Engineering Design. The engineering design of the field experiment 
will commence after the location of the experiment is chosen. The design will 
be influenced by the concurrent experiments on the laboratory model of the 


field experiment. 


Test of Laboratory Model of Field eriment. Special rock 
salt samples of 4.5 and 27 cubic feet have been obtained from the Kleer Mine 
at Grand Saline, Texas. The blocks were drilled out rather than blasted and 
so should have less fractures than the usual samples, but possibly more than 
the rock salt in place. The temperature distribution, the chemical compati- 
bility, and the structural stability of the cavity will be observed as the wastes 


are placed into cavities drilled in these blocks. 


VI. Field Experimental Site. In order to solve the problems relating 
to the feasibility of the storage of liquid and solid radioactive wastes in 
dissolved and excavated cavities, pilot-scale operations will have to be carried 
out in the field. An active search is now in progress to obtain a field test 


site for our purposes 


Selection. The desirable criteria in picking a test site are: 
(1) suitable formation - geology well known with adequate thickness of salt, 
minimum depth to salt, free of extraneous shafts or core holes, homogeneous 
salt beds or domes; (2) accessibility - near paved roads, railroads, water 
transportation, living accommodations, skilled labor, and sufficient water; 


also near to Hanford, Savannah River, or Idaho Chemical Processing Plant, so 
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as to be able to obtain radioactive wastes economically, but not to have more 
weight than a location near the center of the future nuclear power complex; 
(3) removed from large population centers and active development of natural 
resources; (4) on Government-owned land if possible as this would make the 
property available and ease the problem of the supervision of the site for the 
period necessary; (5) suitable for a permanent disposal facility if the tests 
should prove to be successful. 

There is general agreement that there should first be some tests 
using synthetic wastes and simulated heat sources followed by tests using hot 
wastes. In order to expedite the cold tests it would be desirable to run the 
tests in space presently available. It does not seem likely that hot tests 
would be permitted in mines still operating. Accordingly, a survey was made 
of the mines presently operating in the United States. The fourteen mines 
operating are located as follows: New York, 2; Michigan, 1; Kansas, 3; Louisiana, 
4; Texas, 2; and Utah, 2. 

On the basis of the desirable criteria, the mines in Louisiana and 
Texas can be ruled out of consideration, as they are too far from the center 
of the growth of the nuclear power complex where the first commercial fuel 
element reprocessing plant is likely to be located. Even for the test facility 
they are remote from Hanford, Idaho Falls, and Savannah River, the present sources 
of wastes. 

An investigation into the possibilities of radioactive waste storage 
in salt formations in the northeastern United States has been prepared for us 


by the Geotechnical Corporetsen.'2"? 


The report details the salt formations and 
mines in the area of the United States, bounded on the north by Canada, on the 


east by the Atlantic Ocean, and on the west by Montana, Wyoming, and Colorado, 
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and on the south by Oklahoma, Arkansas, Tennessee, and North Carolina. 

The one operating mine in Michigan underlies the city of Detroit 
and would not be suitable for public relations reasons alone. Also the beds 
are relatively thin and deep lying there. 

The mines in the states of New York and Kansas might possibly be 
used. It seems unlikely, however, that an operating mine will be available 
even for cold tests as the demands we would make upon the shaft and mining 
equipment would constitute a hindrance to the usual operations. The only 
stand-by mine reportedly in good condition is the Carey mine in the town of 
Lyons, Kansas. All the equipment, including the hoist, have been removed. 
Therefore, the only savings possible, if this mine could be obtained, would be 
the cost of the shaft minus the cost of the land and the cost of the mine. The 
existing space in the mine probably could not be used directly for liquid wastes, 
but might possibly be used for the storage of solid wastes. Therefore, new 
space, specifically designed for the storage of liquid waste, would have to be 
excavated. 

The mines in Utah are quite small; they have mined out less than 
100,000 cubic feet. Therefore, it does not seem possible to use these mines. 

If none of the existing mines were available and suitable, it might 
be necessary to develop our own test space. Then according to the criteria out- 
lined on the previous page, a site in Ohio along Lake Erie or in Kansas around 
Hutchinson, might seem most desirable. The depth to salt at Lake Erie is about 
2000 feet versus 450 feet at Hutchinson. The thickness of the beds at Lake 
Erie is about 60 to 70 feet versus 220 feet at Hutchinson. The location on the 
Great Lakes is nearer the center of the likely nuclear power plants and has 


deep water transportation available to it. The hazards involved in water trans- 


portation, however, may negate this advantage. The Lake area is a more highly 
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developed and populated area and, consequently, it might be more difficult from 
a public relations view point to establish a waste disposal facility there. The 
consequences of a failure in a well-developed area such as one on the Great 
Lakes are, of course, much greater than those of a failure in the sparsely 
settled farming country of Kansas. 

The greater the depth to the salt, the greater the overburden pressure 
and hence the lesser the temperature rise possible without plastic flow occurring; 
therefore, the size of cavity will have to be reduced to maintain the same tem- 
perature. Since the cost of the facility will be greatly dependent upon the 
shaft costs and the size of the storage vaults possible, it would seem that from 
a first cost point of view the Kansas site would be preferable to the Lake Erie 
Site. 

There is also the possibility that for an experimental site which 
could not be expanded into a permanent-disposal facility, a drift mine into one 
of the salt outcrops in the arid west might be adequate. 

It would seem that Kansas, at present, offers the greatest promise as 
a test site. Therefore, we have had the Geotechnical Corporation make an addi- 
tional, more exhaustive report on an area in Kansas that seems to meet most of 


(38) 


the desirable criteria for a test site. 


Cost of Test Facility. Assuming that a site in Kansas is chosen, the 
cost for setting up a test facility has been estimated by the Cost Estimating 
Department at Oak Ridge. These are Class "D" quotations, "based on generalized 
criteria, subject to further definition and change. Their degree of accuracy 
cannot be determined." 

Costs have been estimated on two bases, temporary and permanent 


installations. The following assumptions were made for purposes of the estimate: 
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Shafts, diameter 


Winch and cage 


Filterhouse, blower, etc. 


main tunnels, 


ic alii tatio 
instrumentation 
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*Parallelepiped. 
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TABLE IX 


COST ESTIMATE 


Temporary 


sphere 
parppd* 


None 
i 

Yes 

Yes 


Yes 


DISPOSAL 


Permanent 


300 


1 sphere 
1 parppd* 


$529, 000 


1 sphere 
2 parppdt 


1 


2 
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As shown in the cost estimate, the least amount of money for which 
a test site in Kansas could be prepared is $266,000. If, as is likely, more 
than one experiment would be carried out, then the cost will rise. There is 
a limit, however, to the number of experiments that can be performed on a tem- 
porary basis. If the experimental site should be constructed so that it could 
later be used as the permanent storage area, the initial costs will be consider- 
ably high - $529,000. If, however, the cost per gallon is considered than the 
incremental cost per 56,000 gals is only $102,000 or $1.82 per gallon. If the 
method proves successful and larger caverns can be built the price will still 
further decrease. Furthermore, if the method of washing cavities is successful, 


additional substantial reductions in the unit cost of storage will be realized. 


Site Procurement. The other possible sites for the field experiment 
will be investigated and where suitable, a similar cost analysis will be made. 
The AEC will then be asked to buy or lease the land, or if Government-owned 


land obtain title to it for use as a field testing site. 


w 


VII. Field Experiment. After permission to use the land is obtained 
and the site prepared, it will be necessary to place the instrumentation in the 
mine. For the cold run, a synthetic waste and heaters will suffice. However, 
for a hot run of the order of magnitude of 2 BTU/hr/gal, over a million curies 
of activity will be required, assuming 93 per cent of the gamma energy and all 


s ; cs : ‘ — anne ; 
the beta ener is effective in heating the waste, specifically 3-9 x 10 curies 
BY 


6 ‘ " : , 
of cesium 137 or 3-3 x 10 curies of strontium 90. 


The prospects for success in salt disposal of radioactive wastes appear 
to be good. The Earth Sciences Division of the National Academy of Science has 
stated: "Disposal in tanks is at present the safest and possibly the most eco- 
nomical method of storing waste. Disposal in salt is the most promising method 
(8) 


for the near future. 


Our goal is an early realization of that promise. 
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ABSTRACT 


Radioactive liquid wastes can be stored in cavities in natural salt 
formations if the structural properties of salt are not adversely affected 
by chemical interaction, pressure, temperature, and radiation. Analytical 


studies show that it is possible to store two-year-old waste in a 10-foot- 


diameter sphere without exceeding a temperature of 200° F. Laboratory tests 


show that the structural properties of rock salt are not greatly altered by 

high radiation doses, although high temperatures increase the creep rate for 
irradiated and unirradiated samples. Chemical interaction of liquid 

wastes with salt produces chlorine and other chlorine compound gases, but 

the volumes are not excessive. The migration of nuclides through the salt 

and deformation of the cavity can only be studied in the field in undisturbed 

salt in place. The design of a field experiment is complete, and the materials 


for construction of the cavity cover and off-gas system have been chosen. 
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INTRODUCTION - 
hea 
The first status report? on radioactive waste disposal in cavities in rou 
in natural salt formations characterized the limits of the problem as "the as 
degree to which the desired structural properties of salt are affected by aiu 
liquid wastes, pressure, temperature, and radiation..." This status report 
covers some of the theoretical considerations and preliminary laboratory inves- it 
tigations of these effects. The theoretical studies show that the temperature gis 
rise of radioactive wastes stored in salt cavities can be kept below acceptable cal 
limits by controlling the age of the wastes and the size of the cavity. Labora- 
tory work on chemical compatibility shows that present-day wastes are essen- or 
tially inert toward rock salt. Additionally, radiation has little effect on of 
the structural properties of rock salt. However, all of the information neces- rv 
sary for the design of the field-scale radioactive experiment cannot be obtained si! 
theoretically nor in laboratory tests, because theoretical solutions require a 
number of simplifying assumptions, and laboratory tests of geological materials of 


are not conclusive, because the samples are removed from their environment and, 
hence, disturbed. Preliminary field tests will provide information on the ef- 
fects of heat and chemical interaction on the structural integrity of the cavity, 
the migration of nuclides from the cavity out into the surrounding salt, and 


the migration of the cavity itself. 


THERMAL CALCULATIONS 


The plasticity and structural integrity of cavities in rock salt are 


dependent upon temperature and pressure. Pressure is a function of the stratig- 


raphy, the percentage of salt excavated, and the configuration of the excavation. 
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Temperature in a cavity is a function of its depth, size, shape, the rate of 


heat production of the stored material, and thermal conduction in the sur- 
rounding salt. The heat production rate, approximated from Fig. 1, is given 
as a function of decay time, assuming 800 gal of waste per metric ton of ura- 
nium, irradiated for 10,000 Mwd/ton at 33 Mw/ton specific power.* 

If a limit to the temperature rise within a cavity and the space about 
it is predetermined, then the time-space-temperature distribution for various 
sizes, shapes, and heat production rates of the wastes stored within the cavity 
can be calculated. 

Birch has stated "that heating the liquid some hundred degrees (centigrade) 
or 50 would not produce drastic physical changes, and that plastic deformation 
of shale or evaporite layers, if sufficiently thick might continue to provide 
a tight container." We, therefore, set a 200° F rise as the maximum permis- 
sible temperature rise in a salt cavity. 

The possible sizes and shapes of cavities and the heat production rates 
of wastes are so numerous that a few simplifying assumptions were necessary: 


(1) Only spherical shapes would be investigated so that 
an analytical solution would be possible, 


(2) Diameters of the spheres would be limited to 10 ft 
and 20 ft, since it had been shown previously that 
larger spheres, containing wastes generating heat 
at a rate of 2 BTU/hr/gal, would exceed the permis- 
sible limit of 200° F. 


(3) Wastes considered would be limited to those described 
by Fig. 1 and cooled for 1, 6, and 11 years. 


(4) Waste-filled cavities would be located in an infinite 
body of salt. 


(5) Thermal conductivity, density, and specific heat of 
the salt and the wastes would be constant and inde- 
pendent of changes in temperature. 
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Heat would be lost by conduction only. 


Phase changes would not occur in the wastes or in 
the salt. 


Convective currents would not develop in the wastes. 


All beta and gamma energy would be absorbed in the 
wastes. 


assumptions, except the extent of salt, are on the safe side; that is, 

temperatures calculated would be higher than those actually achieved. ~ 

absence of convective currents in the wastes would produce a temperature 
gradient from the center of the cavity out to the interface of the salt and 
the waste. f convective currents were present, the temperature would be uni- 
form throughout the sphere. For cavities of the size considered, however, the 
edge temperature in the conduction case would approach the uniform temperature 


achieved if convective currents were present. 


tatement of Problem 


A mathematical statement of the spherical problem is: 


a or, Q(t) 
a oe = + Ogr <a, t>0, (1) 
a, ot or 


and 


1 on, 2 oF 
caibe  omee =~ +i, r>a,t>O0, (2) 
a, ot or r or 


where subscripts 1 and 2 refer to the heated sphere and to the infinite body, 


respectively; T is temperature; t is time; r is radial distance from the center 
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of the sphere; a is the radius of the sphere; K is thermal conductivity; a is 


thermal diffusivity; and Q(t) is heat generation per unit time per unit volume, 


Initially, the wastes and salt are considered to be at zero temperature. 


Boundary conditions are such that the temperature and heat flux are continuous 


at the interface, and the temperature remains finite both at the center of the 


sphere and at infinity. Then, by the use of La Place Transforms and Duhamel's 


theorem the following equations were obtained. The temperature inside the 


cavity is 


es 
~(r-a) — | i dt, where N 


-e 


fission products. A, is the heat generation per unit time 

ith fission product, and ds is the disintegration constant 
N -A,t 

product as £ A,e ~ is substituted for Ot). Cis 
i=] 


per unit volume (C = ); t is a variable of integration; 


is the number of 


per unit volume for 
of the ith fission 


the specific heat 


and erf is the error 





or 
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BTU et? 
function. For rock salt, K, equals 2.07 3 a equals 0.07 —— ; 
ft-hr-°F hr 
BTU 
and C, equals 29.7 ‘ 
e £t?- °F 


Summing the integrals of the decay curves of all fission products contri- 
buting to heat generation would be arduous. Therefore, the total fission 
product power, as shown on Fig. 1, is approximated by six exponentials: The 
nee curves for csl>7 and pal?7 sr” and y”, long-lived components of the 
rare earths, short-lived components of the rare earths, long-lived components, 


and short-lived components of the remainder of the fission products. 


Results 


Equations for the temperatures both inside and outside the cavity were 
numerically integrated on the IBM 704 using Simpson's Rule and the Fortran 
coding system to calculate the temperature rises. Curves of these data are 
shown in Figs. 2 to 7. 

For the $i feot-dieueter sphere and one-year-old waste (Fig. 2), it is 
seen that the maximum rise in temperature at the center of the sphere is 530° F 
at 1000 hr and 315° F at the surface of the sphere at 1500 hr. In Fig. 3 the 
maximum temperature rise for six-year-old waste at the center of the sphere is 
100° F at 4500 hr and 65° at the surface at 7000 hr. In Fig. 4 the maximm 
temperature rise at the center of the sphere of eleven-year-old waste is 65° F 
at 7000 hr and 40° F at the surface at 10,000 hr. As interpolated from these 
data, two-year-old wastes stored in a 10-foot-diameter sphere would reach a ~ 
peak temperature of 200° F in less than five months. 

For the 20-foot-diameter sphere (Figs. 5, 6, and 7), it is seen that the 


same wastes could not be stored in cavities of this size without boiling. 
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5 
are substantially the same as the calculations of Birch 


hey considered only temperature-time distributions for the 
they considered the convection case in their 
calculation or a sphere of 5-foot radius, Schecter found a drop of 35% 
mperature in the conduction case to uniform sphere 
convection case. Our calculations for spheres of this size 
a 40% reduction from center temperature to surface temperature in the con- 
difference between surface temperature in the conduc- 
case and sphere temperature in the convection case. 
Therefore, we may conclude that the thermal problem in salt disposai 


no serious difficulties if the size of the cavities and the age 


STRUCTURAL PROPERTIES OF ROCK SALT 


The rock salt surrounding waste-filled cavities will be subjected to 
certain stresses induced by elevated temperatures and pressures, and radiation. 
The response of crystal aggregates of rock salt to temperature, pressure, and 
radiation was investigated to determine the stress-strain relationships and 

E 
the creep rate. Stress-strain relationships were used to determine the com- 


pressive strength, modulus of elasticity, yield strength (0.2% offset), and 


apparent elastic limit. 


Experimental Procedure 
The American Society of Testing Materials does not have a standard pro- 
cedure for the testing of rock-salt aggregates. Consequently, the test proce- 


dures for wood and stone were investigated and the more pertinent provisions 
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applied to the testing of rock salt.” Two-inch cubes of salt, randomly selec- 
ted, were used as test specimens. Specimens of dome salt were machined from 
a large block taken from the Morton Salt Company's mine at Grand Saline, Texas. 
Specimens of bedded-deposit salt were machined from a block taken from the 
Carey Salt Company's mine at Hutchinson, Kansas. The purity of dome salt was 
greater than 98% NaCl and that of the bedded salt was 95% NaCl. 

Machined specimens were irradiated in the Cobalt Storage Facility of the 
Operations Division at ORNL. Approximately 200,000 curies of co in aluminum 


clad cylinders are stored about a one cubic foot chamber below ground level to 


produce an exposure dose rate of 3.2 x 10° roentgens per hour, as measured with 


a ceric sulfate chemical dosimeter. 

Specimens were tested with the assistance of the Mechanical Testing Section 
of the Metallurgy Division at ORNL. A 120,000-1b capacity Baldwin-Tate-Emery 
Universal testing machine was used for load application. Deformation was meas- 
ured by a Bell-Crank-Anvil extensometer. This apparatus automatically plotted 


a total load versus total deformation curve which was then reduced to a stress- 


strain diagram. 


Tests at Room Temperature 


tress-Strain Relationships of Unirradiated Bedded and Dome Salt.-- Three 
specimens each of dome salt, bedded salt loaded parallel to the planes of strati- 
fication, and bedded salt loaded perpendicular to the planes of stratification 
were tested in order to establish a control with which to compare irradiated 
specimens. The results of these tests are shown graphically in Fig. 8 and in 


tabular form in Table 1. 
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UNCLASSIFIED 
ORNL-LR-OWG 34955 


| 
| 
| 


© BEDDED SALT-FORCE APPLIED PARALLEL 
TO PLANES OF STRATIFICATION 

® BEDDED SALT -FORCE APPLIED PERPENDICULAR 
TO PLANES OF STRATIFICATION 

4 DOME SALT 


STRESS (psi) 


0.01 0.62 0.03 0.04 0.05 0.06 0.07 0.08 0.09 
STRAIN (in. /in.) 


Fig. 8. Compression Test of Unirradiated Salt at Room Temperature. 
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Dome salt has greater compressive and yield strengths than bedded salt. 
Previous work with synthetic crystals indicated that sma] amounts of impuri- 
ties added to sodium chloride increased the tensile st> igth of salt. The 
results for synthetic and single crystals are not applicable to aggregates 
of crystals, 1° The binding strength between crystals becomes an important 
factor in the strength of the aggregates. The presence of other substances 
in the specimens, anhydrites and shales, is at least partially responsible 
for the greater variation exhibited by the bedded salt. Dome salt, although 
neither isotropic nor homogeneous, is much more uniform with respect to impuri- 
ties than bedded salt. The mined block of bedded salt was interstratified with 
anhydrite and shale bands of various thicknesses. 

Bedded salt is slightly stronger when loaded parallel to planes of strati- 
fication than when loaded perpendicularly. Although this difference is within 
the statistical variation of the experiment, the same trend is evident in creep 


tests. 


Creep Tests - Unirradiated Bedded and Dome Salt.-- The creep rate resulting 


from the application of a constant load of 2500 pounds per square inch for 100 


minutes was measured. The creep rates of three types of salt are shown in Fig. 9, 


After an initial rise, due mostly to elastic compression, the strain increases 
very slowly with time. As in the stress-strain tests, dome salt is strongest 
(least creep under the same load conditions) and exhibits the least variation 
from sample to sample. Bedded salt loaded parallel to the planes of stratifi- 


cation is again stronger than bedded salt load perpendicular to the planes of 


stratification, though still within the statistical variation of the experiment. 
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tress-Strain Relationship of Irradiated Bedded Salt Loaded Parallel 
to the Planes of Stratification.-- Bedded salt samples were irradiated for 
periods to give exposure doses of 10°, 10", 10°, and 5 x 10° roentgens, assum- 
ing a dose rate constant with time. 

The stress-strain curves of irradiated bedded salt are shown in Fig. 10, 
and the data are tabulated in Table 1. From Fig. 10 it is seen that there is 
very little difference in the stress-strain relationship up to a stress of 
2000 pounds per square inch. The compressive strength increases with exposures 
up to 5x 10° r, where a marked decrease is observed. The compressive strengths 

exposures of 5 x 10° r are within the statistical variation of the experi- 

while the low value obtained at 5 x 10° is not. 

The expected increase in the modulus of elasticity is observed only at 
a = 10° r and is within the limit of statistical variation. In fact, at 10° r 
the modulus of elasticity, yield strength, and apparent elastic limit are 


Slightly lower than for the unirradiated specimens. 


The yield strength and apparent elastic limit reach a maximum at 10° r. 


However, at 5 x 10° r the yield strength and apparent elastic limit, unlike 


the compressive strength, are greater than for the unirradiated specimens. 


Creep Rate of Irradiated Bedded Salt Loaded Parallel to the Planes of 
Stratification.-- The effect of radiation on the rate of creep was investigated 
8 


by testing three specimens given 5 x10 r. The results were compared with the 


results for unirradiated salt (Fig. 11). 


Very little difference in the creep rate can be seen between the irradiated? 


and unirradiated sait. Only a little over a thousandth of an inch strain sep- 


arates the two curves. The unirradiated salt actually shows less strain than 
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Fig. 10. Compression Test of Bedded Salt at Room Temperature. 
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Fig. 11. Creep Test of Bedded Salt at Room Temperature. 
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the irradiated specimen. If the modulus of elasticity is increased, the irra- 
diated salt should show less strain. However, two of the irradiated specimens 
developed cracks during the test, resulting in a wide variation in results and 


probably causing the greater strain. 


Tests at 200° Centigrade 


Stress-Strain Relationship of Irradiated Bedded Salt Loaded Parallel to 


the Planes of Stratification.-- The expected rise in temperature of the salt 
surrounding waste-filled cavities suggests the need for determining the struc- 
tural properties of irradiated and nonirradiated salt at elevated temperatures. 
Three specimens each of bedded salt, unirradiated and exposed to 5 x 10° PT, 
were tested at a temperature of 200° ¢. 

The results of these tests are given in Fig. 12 and in Table 1 (note that 
the strain scale has been changed in Fig. 12). As expected, the plasticity 
increases quite rapidly with temperature, with a maximum deformation of 25%. 
Also, the modulus of elasticity, yield strength, and apparent elastic limit 
are lower than at room temperature. As in the room temperature tests, the 
stress-strain response at 5 x 10° r rises much faster initially and falls off 
more rapidly than the stress-strain response for the unirradiated specimens. 
This gives, as at room temperature, an increase in the modulus of elasticity, 


yield strength, and apparent elastic limit and a decrease in compressive strength. 


Conclusions 


On the basis of these tests, unirradiated dome salt is consistently 
stronger than unirradiated bedded salt. Under both static and creep loading 


conditions the unirradiated bedded salt appears to be stronger when loaded 


parallel to the planes of stratification than when loaded perpendicular to the 
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planes of stratification. However, the difference is within the statistical 
variation of the tests. Radiation causes only minor changes, if any, in the 
structural properties of salt. The most significant changes are: (1) a de- 
crease in the compressive strength at an exposure dose of 5 x 10° r, (2) an 
increase in the modulus of elasticity at am exposure dose of 5 x 10° r, and 

(3) an increase in the yield strength and apparent elastic limit at all expo- 
sure doses except 10° r. However, with one exception (the compressive strength 
at 5 x 10° r), all are within the statistical variation of the tests. It appears 


that the effects of radiation on the structural properties of rock salt are minor. 


CHEMICAL INTERACTION OF WASTE AND SALT 


The safe disposal of radioactive wastes in rock salt is dependent in part 
upon the chemical interaction between the wastes and the salt. In view of the 
large number of variables and possible reactions in acid or neutralized waste- 
salt mixtures, it was felt that oxidation-reduction reactions should be inves- 


tigated initially. The study of radiation-induced reactions would come later. 


Unirradiated Mixtures 


Nitric acid in the Purex waste and sodium chloride in the salt constitute 
the bulk of available reactants; however, other materials must also be con- 
sidered. For example, natural salt includes associated deposits of mineral 
carbonates, sulfates, and other chloride salts, while the wastes contain small 
quantities of corrosion products and organic complexing agents. 

Samples of salt were selected from the Kleer Salt Mine (Grand Saline, 


Texas), the International Salt Mine (Detroit, Michigan), and the Carey Salt Mine 
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(Hutchinson, Kansas). The Texas salt, typical of dome salt, was very pure 
(98%), whereas the other two samples of bedded salt ranged in purity from 
87% to 94%. Synthetic, nonradioactive Purex waste solution was prepared 
according to ORNL CF-58-4-45, 22 

Preliminary experiments indicated that precipitation and thermal reac- 
tions between synthetic Purex waste and salt were of little importance. Gas 
production was found to be the most reliable index of chemical interaction. 
To study the effect of acidity, temperature, and salt purity on gas production, 
a series of acidified and neutralized waste-salt mixtures were prepared and 
stored in a temperature controlled (+ e C) water bath. The total pressure and 
volume of gas produced by these mixtures at 25°, 60°, and 80° C, were measured 
with a gas burrette and water manometer, and collected for quantitative analysis. 
The results of these tests at 25° C are shown in Fig. 13. The gas produced in 
the Texas salt-waste mixture occurs immediately, whereas the Kansas and Michi- 
gen salt-waste mixtures produce larger volumes of gas at a much slower rate. 
Neutralized waste-salt mixtures produce gas at about the same rate as the con- 
trol samples. These tests indicate that the system behaves according to the 
usual oxidation-reduction reactions, i.e., the rate of reaction increases with 
increases in concentration and temperature. 

Quantitative and qualitative analyses of the gas showed that ™, was pro- 
duced in trace amounts in the neutralized waste-salt mixture and in small amounts 


(less than 2% by volume) in the acid waste-salt mixtures. The major constituent 


in the gas from acid waste-salt mixtures was CO,- af Cl, and W0,C1 were produceé, > 


the concentration was below the detectable limits of the ORSAT gas analysis equip 


ment used in these tests. 


PRODUCTION (cc) 
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nm 
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luceé, Fig. 13. Gas Production of Unirradiated Purex Type Waste. 
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Irradiated Mixtures 


The effect of absorbed beta and gamma radiation on these reactions can 


best be studied by placing radioactive wastes in rock salt. However, some in- 


. er 60 
formation can be obtained from waste-salt mixtures exposed to Co gamma radia- 


tion. 

Waste-salt mixtures were placed in duplicate one-liter Pyrex bottles 
equipped with vent tubes. The bottles were placed in the Cobalt Storage Facil- 
ity and connected to the gas measurement apparatus with 1/8-inch I. D. plastic 
tubing through the thermocouple wells. This arrangement permitted volume meas- 
urement and sampling during the radiation period. The recorded temperature was 
the average temperature of the radiation chamber. All of the gas produced during 
the radiation period was collected and analyzed with the ORSAT apparatus. The 
cumulative gas production (average of two samples) for 500-ml waste-salt mix- 
tures exposed for 30 hr is shown in Table 2. Neutralized wastes with no salt 
(Run No. 4) produced the greatest volume of gas (1120 cc), while neutralized 
wastes saturated with salt (Runs No. 5, 8, and 10) produced the next largest 
volumes, 1090, 925, and 900 cc, respectively. The smallest volumes of gas, be- 
tween 300: and 600 ec, were produced by the saturated acid waste (Runs 3, 7, 9, 
11, and 13) and the unsaturated acid wastes (Rums 6 and 15). A cumlative recori 
of each of these types is shown in Fig. 14. Gas production from irradiated neu- 
tralized wastes is about 90 to 100 times greater than from unirradiated wastes, 
and gas production from irradiated acid waste is about 15 to 30 times greater 
than from unirradiated waste. The difference in gas production between the sat- 
urated and unsaturated salt-waste mixtures is proportional to the differences 


in vapor pressure for the two mixtures (Runs 4 and 10). Qualitative analysis 
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Fig. 14. Gas Production in Purex-Type Waste Subjected to Gamma Irradiation. 
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of the gases produced in acidic and basic solutions (Tables 3 and 4) shows 
very little difference in composition; however, there is an increase in hydro- 
gen and oxygen concentrations in the neutralized solution. 

These results indicate that gases produced in acidified and neutralized 
waste-salt mixtures are qualitatively similar and probably derived from the 
same reactions. The increased hydrogen and oxygen concentrations in neutral- 
ized solutions may be the result of an additional reaction or the increased 
radiolysis of water. One physical difference in the two mixtures, which seems 
to correlate with increased gas production, is the presence of a hydrous iron 
oxide precipitate in the neutralized solutions. This precipitate increases 


the concentration of solid reactants available for gamma ray interaction which 


may increase the number of secondary electrons available for chemical interac- 


tion. 
Model of the Field Test 


Attempts were made to use small samples of salt (1- and 2-inch cubes) as 
experimental storage containers for acid and neutralized waste solutions. In- 
variably, however, these small sampies of mined sait were found to have cracks 
or fractures and could not be used. Larger salt blocks (~ 2 ft on a side), as 


shown in Fig. 15, with hand-excavated cavities approximately 7 1/2 inches square 


and 9 1/2 inches deep were used instead. A Teflon cover, reflux condenser, 


200-watt quartz-sheathed immersion heater, and thermocouples located in the 

cavity, as well as in the salt block, (locations given in Table 5) were used 
to test a small-scale version of a field experiment. Six liters of 7 molar, 
neutralized, synthetic Purex waste, saturated with the salt removed from the 


cavity, were poured into the cavity. The temperature of the liquor was raised 
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Table 4, Chemical Composition of Gas Produced During Run 10B 
8 M Purex, adjusted to pH 10, saturated with salt 


Radiation field, 3.5 x 10° r/br 
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to 90° C. The recorded temperatures of thermocouples 3 and 4 (Fig. 16) show 
& small thermal gradient in the liquor. Evidently the convective currents 
are not sufficient to equalize the temperatures throughout the liquor. The 
maximum temperature recorded out in the block was 50° C. Temperatures in 
various parts of the block show that there is no difference in the thermal 
conductivity-heat flux ratio in any part of the block. 

During the course of the experiment recrystallized salt appeared in No. 2 
and No. 5 thermocouple holes at the outside surface of the block, The recrystal- 
lized salt also appeared at various other locations on the surface. Salt con- 
tinued to crystallize, and the growths increased during the course of the experi- 
ment. The growths occurred both above and below the liquid level in the cavity. 
After two months the block was permitted to cool, the cavity equipment and 
wastes were removed, and then the block was broken apart for examination. Five 
liters of the original six liters of waste solution were recovered. The upper 
2 1/2 inches of the cavity was enlarged significantly from its original dimen- 
sions (Fig. 17). 

A thin layer of hydrous iron oxide ( < 1/16 inch thick) from the neutral- 
ized wastes coated the lower 7 inches of the cavity walls below the liquid level. 
Apparently, the wastes did not penetrate this coating. A layer of recrystallized 
salt about 2 inches thick "bridged" the cavity above the liquid level. Salt, in 
the upper 2 1/2 inches of the cavity immediately below the cover, was dissolved 
by the condensing water vapor and was recrystallized as the brine moved down the 


exposed side walls of the cavity to form a firm bed of crystals over the liquor. 
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Fig. 16. Temperature Distribution in Salt Block. 
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FIELD TESTS 


In the laboratory, it is practically impossible to reproduce the con- 
ditions that exist in a natural rock salt formation. Samples removed from 
the formation go through a process of stress relief, violent enough in some 
cases to shatter the sample. Even if the samples are not shattered, there is 
some alteration of the physical properties of the rock. If the overburden 
pressure is reapplied, the stresses induced will not necessarily be the srme 
unless the sample is completely elastic, which is not true for geologic mate- 
rials. Therefore, it is necessary to conduct field experiments before a proto- 


type disposal facility can be designed. 


Experimental Design 


Information can be obtained in the field experiment regarding (1) the 
structural integrity of the cavity; (2) the migration of nuclides from the 
cavity; (3) the migration of the cavity itself, due to the condensation of 
the water vapor on the surfaces causing the salt to go into solution and to 
flow back into the waste cavity; (4) temperature gradients, both inside and 
outside the cavity; and (5) gas production. 

Eight tests are planned requiring eleven excavations. Each test will 
run for approximately six months. Since some tests will rum concurrently, the 
over-all field test program will require about two years. Major variables to 
be studied include: (1) the type of waste (Purex and acid aluminum nitrate), 
(2) the concentration and pH of the wastes, (3) the geometrical configuration 
of the cavity, (4) the surface area/volume relationships, (5) the method of 


construction (hand excavated, blasted, or solution-mined), and (6) the rate of 








2182 INDUSTRIAL RADIOACTIVE WASTE DISPOSAL 


heat production. 
Site Selection 


The first tests with synthetic wastes and simulated fission product 
decay heating will be followed by tests with actual radioactive wastes. These 
preliminary nonradioactive tests will be conducted in mined-out space in some 
salt mine. 

During the past year, a Laboratory subcontractor (Geotechnical Corpora- 
tion, Dallas) investigated operating salt mines in the northeastern section of 
the country. The investigation was limited to this area, because bedded depos- 
its are found in this area, and it seemed likely to be the general location of 
the first commercial fuel-reprocessing plant. It was found that the owners were | 


amenable to the use of their mines for the field tests, since the first tests 


would not involve the use of radioactive wastes. There would be a number of 


advantages in using mined-out space for these tests, e.g., the immediate availa- 
bility of a test site, a competent work force with the necessary equipment availe- 
ble to excavate the cavities, and the necessary auxiliaries - shaft, hoist, elec- 
trical power, railroad sidings, etc. 

The Carey Salt Company (Hutchinson, Kansas) and International Salt Com- 
panies (Detroit, Michigan) expressed their willingness to participate in these 
tests. Their mines satisfied most of the requirements of a good test site. A 
detailed analysis of the geology, geographic location, facilities in the mine, 
estimated costs, and the possible location of future tests indicated that the 


Hutchinson mine would be more desirable. 


Accordingly, the Laboratory entered into contractural arrangements with 


the Carey Salt Company for the use of an unoccupied section of their mine to 
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carry out these experiments. The first tests will begin in July, 1959. 


Engineering Design 

The proposed test facility is shown in Fig. 18. The cavity is 71/2 ft 
square and 10 ft deep, a size that will give a surface area equal to the sur- 
face area of a 10-foot diameter sphere, when the cavity is filled to the 7 1/2- 
foot level. Thus, if thermal data from the field experiment agree with theo- 
retical heat calculations, the scaling factors can be computed. Jakob has 
shown that the thermal distribution for small spheres and small cubes is the 
same. 2* The facility includes the cavity, immersion heaters, a gas tight cover, 
and measuring devices and recorders. All data, with the exception of liquid 
level, will be on strip-chart recorders. An alarm system set to function on 
high temperature, moisture penetration, high pressure, and loss of electrode 
power will be installed in the experimental area and telemetered to the mine 


AP LP+ 


office. 

All equipment will be prefabricated to sizes that can be brought down the 
shaft and assembled in the mine. The cavity will be excavated in the floor of 
an existing room in the mine. Conventional room and pillar mining has been used 
in the Hutchinson mine, the pillars being 50 ft by 53 ft and the rooms, 50 ft 


by 50 ft. The floor-to-ceiling height varies from 10 to 12 ft. Im older sec- 


ctr 
oO 


of the mine, the rooms are 50 ft by 300 ft and with 6-foot-high pillars, 
20 ft by 500 ft. Core drilling in the proposed test area of the mine has shown 
that the salt bed beneath the present floor exceeds 30 ft in thickness. 

The first two cavities will be hand-excavated to avoid the shattered zones 


caused by blasting. Blasting operations appear to disturb and shatter the rock 


to a depth of 12 to 18 inches. 
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Fig. 18. Proposed Salt Field Experiment. 
of 








Fig. 18. Proposed Salt Field Experiment. 
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Cusdiestreste probes will be placed next to the cavity to measure any 
moisture changes in the salt. The electrical conductivity of salt is extremely 
sensitive to changes in moisture content; so the changes in electrical conduc- 
tivity will indicate any movement of the wastes out into the surrounding salt. 

A gas tight cover will be installed so that off-gases can be collected, con- 
densed, measured, analyzed, and returned to the cavity. As discussed previously, 
the total quantity of gas produced will be small. 

Heat must be provided to simulate the heat of radioactive decay. It is, 
of course, impossible to duplicate exactly the heat generated by fission-product 
decay where each nuclide produces heat as a fimction of its energy and half life. 
However, the calculated temperature rise is based on the assumption that the 
waste is uniformly mixed, so uniform heat production is desired. In the case of 
neutralized wastes, more fission products are in the precipitate than in solu- 
tion, so additional heat must be distributed in the precipitate. Thermocouples 


will be placed in the cavity (in both liquid and gaseous phases) and in the salt 


surrounding the cavity. 


Operating Procedure 


After completion of construction and pretesting, about 7,000 gal of syn- 
thetic waste (saturated with salt) will be transferred to the two test cavities. 
When the waste solution temperature has reached the ambient mine temperature, 
the heaters will be turned "ON," and the power varied to correspond to a pre- 
determined fission product decay fimction (representative of a given waste type) 


while considering the decreasing resistivity of the solution with increasing 


temperature. 
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Temperatures in the cavity (above and below the liquid level) and in 
the salt surrounding the cavity will be recorded continuously. Also, heater 
power and electrical conductivity of the surrounding salt will be recorded 
continuously. Periodic samples of cavity solution, condensate and off-gases 
will be withdrawn and analyzed. Charts from the recorders will be removed 
and replaced as needed and routine preventative maintenance of the recorders 
and power controls will be performed at regular intervals. 

The peak temperature of the cavity solution (~ 80° Cc) is expected to 
occur in approximately five months. Once the solution temperature levels off, 
the heaters will be turned "OFF," and the solution will be ccoled to ambient 
temperature. After removal of the cavity cover and heaters, the wastes will 
be disposed of in a nearby solution cavity. The empty cavities will then be 


£3) 


illed with rock salt and the equipment moved to the next test cavities. 


MATERIALS STUDY 


A critical design problem has been that of finding suitable materials 
for the fabrication of heaters, cavity covers, and off-gas equipment because 
of the corrosiveness of waste-salt mixtures and the associated off-gases. In 


the actual storage of radioactive wastes, this will not be a serious problem. 


Corrosion Studies 


The wastes themselves are not highly corrosive. Both acid aluminum 
nitrate and Purex (nitric acid) wastes are readily handled in austenitic stain- 
less steels (300 series) or, when neutralized with sodium hydroxide, in ordinary 


steel. However, when the acid solutions are saturated with common salt (NaCl), 
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the resulting solutions and vapors are extremely corrosive. The high cor- 
rosion rates in the nitric acid-sodium chloride solution are due to the pres- 
ence of the same ions as are present in a nitric acid-hydrochloric acid (aqua 
regia) solution. Due to the presence of nascent chlorine, aqua regia is one 
of the most corrosive materials known, readily dissolving both platinum and 
gold, as well as normal metallic materials. Corrosion rates significantly 
greater than 0.001 inches/year are considered to be wsatisfactory. 

Table 6 presents the results of a study of possible construction mate- 
rials. The waste of immediate interest is Purex waste under acid conditions, 
since this is the most abundant present-day waste. The table shows that only 
a limited number of materials are suitable. Titanium is considered the most 


resistant material on the basis of corrosion tests carried out at Battelle 


72 


Memorial Institute in connection with Darex process development. ~ These were 


tests in HNO, acid containing HCl, or with HCl gas bubbling through the liquid 


A 


A second metal which shows promise is a cobalt base alloy, Haynes 25 (Haynes 
Stellite Co.). The corrosion rate was negligible in 77 days at 80° ¢ with the 
sample suspended at the interface of the waste and vapor under reflux condi- 

There was no evidence of pitting. Other samples containing welds showed 
higher corrosion rates. 

The nonmetallic, inorganic materials considered include graphite and 
glass-lined steel. Graphite is brittle and involves some limitations in fabri- 
cation, since it cannot be welded. A glass lining applied to a cover fabricated 
of steel would be satisfactory under acid conditions. However, glass and other 
siliceous materials are appreciably attacked by strong NaOH present in the neu- 
tralized waste 
Mong organic materials, Teflon (E. I. Du Pont de Nemours and Co., Inc.) 


appears to be completely resistant. The cost of the material, combined with 
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taining butt 
weld. 
Approx. Stamped sample. 


Approx. 
Approx. 
Approx. 


Purex- 7MHNO , Approx. 
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7 , Zc 
Table 6. 


Corrosive 
Medium 
( 


Material (salt saturated) 


lyvinyl Chloride 
unplasticized) 


Vapor above 
Purex- 7MHNO, 


2 


Polyvinyl Chloride 


Purex- 7MHNO, 


4 


urex-Neut. 


Purex- 7MHNO, 


2 


Corrosion 
Exposure Rate 
Days (in. /yr) 


\ +/ 


Temperature 
Cc 


Approx. 80° eu Negl. 


° 
Approx. 80 


Approx. 80° 


Approx. 80~ 


All samples exposed partially immersed, except as noted. 
Samples at 80° C (and higher) under refluxing conditions. 
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Corrosion Data in Salt Saturated Simulated Waste (continued) 


Remarks 


Approx. 1.4% 
weight gain 
without appar- 
ent swelling. 

Totally immersed 
in medium. One 
per cent gain 
without appar- 
ent swelling. 


No corrosion. 
Slight weight 
gain. 

No change. No 
weight loss 
during use of 
graphite as 
electrode in 
heating experi- 
ments. 
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the problems of fabricating a large cover assembly (approximately 10 ft by 
10 ft by 3 ft high) makes it unattractive. The possibility of bonding thin 
Teflon to a steel cover is being studied. Umplasticized polyvinyl chloride 


may be suitable for some of the experimental equipment though it exhibits 


some swelling in the acid liquid. 


Heater System 


Uniform heat production in the solution is desirable in the field cav- 


ities. It may be achieved by covering opposite walls of the cavity with flat 


plate electrodes and applying a voltage between them. The resulting current 
flow through the solution (electrolytic heating) will thus produce uniform 
heating, If the two plates are perforated and moved away from the walls 
Slightly, the solution will have free access to the walls, producing a uni- 
form temperature throughout. 

Tests indicate that conventional immersion heaters in the acid waste 
would not withstand the corrosive conditions. Corrosion is not a serious 
problem in neutralized waste, but because of viscosity of the neutralized pre- 
cipitate, thermal convection currents cannot be relied upon to equalize the 
heat distribution. Laboratory experiments indicate that a reasonably uniform 
heat distribution in the precipitate cannot be obtained readily with immersion 
heaters. Therefore, the wastes will be heated electrolytically. 

Electrolytic heating introduces problems of (1) the design of the elec- 
trodes, (2) the design of the power supply, and (3) possible gassing due to 


electrolysis. 


Electrodes.-- Almost any corrosion resistant material should be suita- 


ble for use as electrodes in the neutralized waste solution, since neutralized 
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waste is not very corrosive. However, the choice of materials for use in 

the acid waste is limited. Carbon, or graphite, seem to be the most desira- 

ble from the standpoint of corrosion resistance, as well as cost and availa- 
bility. However, graphite is rather brittle and would be fragile in a perforated 
plate of the proper dimensions. 

Since the salt-saturated acid waste has a fairly low viscosity it would 
be expected that thermal convection currents would tend to produce a uniform 
temperature throughout the solution, even with nonuniform heating. Several 
arrangements of cylindrical graphite electrodes were tried on a scale of one 
inch to the foot in an attempt to produce uniform heating. The electrode con- 
figuration adopted produced the power (rate of heat production) distribution 
shown in Fig. 19. When the salt solution temperature was raised 10° C by this 
electrode arrangement the temperature variation to within one-half inch of the 
walls and the electrodes was only one degree, indicating a relatively uniform 


heat distribution. 


Power Supply.-- The electrical resistivities (reciprocal of conductivity) 
of the salt-saturated acid waste, the neutralized precipitate, and the neutral- 
ized supernate measured by an Industrial Instruments Company Conductivity Bridge 


are shown in Table 7. It may be observed that the neutralized waste has a 


resistivity at 20° C, nearly three times that of the acid waste, but at 80° ¢ 


the ratio drops to only a little greater than two. Thus, the voltage and cur- 
rent range of the power supply required to heat the neutralized waste will be 
greater than that required by the acid waste. 

The electrical resistivities of both the acid and the neutralized wastes 


are relatively low and, to produce the desired power in the solution, will 
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Fig. 19. Power Distribution with Four Electrodes. 
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Table 7. Waste Solution Resistivity 


Resistivity (ohm-cm) 








Solution 20° ¢ 80° 
Salt Saturated Acid 2.4 1.2 
Salt Saturated Neutralized Precipitate 6.8 2.6 
Salt Saturated Neutralized Supernate 6.2 2.4 
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require a high-current, low-voltage power supply. Since the resistivities of 
the solution drop rapidly with increasing temperature, decreasing voltage and 
increasing current will be necessary in order to maintain a given power input. 
Fission product power production decreases with time and will tend to reduce 
the increased current demand caused by increasing temperature, but will call 
for a further decrease in voltage. 


The initial voltages required for the two types of waste, however, are 


not directly indicated by the ratio of their 20° C resistivities, due to two 


factors. One is that the use of carbon rod electrodes in the cavity filled 
with acid waste will produce a total effective solution resistance which is 
greater than that which would be obtained with plate electrodes, thus requiring 
a greater voltage to produce the same power. The other factor is that from 70 
to 90% of the fission product radioactivity in the neutralized waste will be in 
the precipitate, thus requiring most of the power in the precipitate. To meet 
this requirement, the plate electrodes will be in the precipitate only and not 
extend up into the supernate. This results in a greater effective resistance 
and consequent increase in required electrode voltage. 

Tests using carbon electrodes in approximately two and one-half gallons 
of salt-saturated acid waste at several temperatures and power inputs showed 
that the wattage input was essentially the same as the volt-ampere product, and 
thus there is no reactive current capacity which must be built into the supply. 

The Hutchinson mine has 2300 volt, 60 cycle, 3 phase power available. 
This will be stepped down in voltage, and each experiment will be connected to 
a@ separate phase, since the electrodes need to run on single phase power to 
prevent sacrifice of the grephite.2" One way to obtain the necessary flexi- 


bility is to step down to 440 volts before feeding into a Powerstat or other 
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variable transformer and then, with a special transformer, step down further 
to the voltage necessary at the electrodes. 

The approximate voltage and current ranges for the acid waste experiment 


will be from 25 volts and 800 amperes at 20° C to 10 volts and 2000 amperes at 


80° c. For the neutralized waste the approximate range will be 40 volts and 


500 amperes to 15 volts and 13550 amperes. 
Further experiments are planned in order to obtain accurate figures for 


scale up calculations on the power supply before equipment is obtained. 


Gassing.-- The passage of an alternating current through a conducting 
solution will produce gas at the electrodes if the current density at the elec- 
trodes is great enough. Tests of carbon electrodes at current densities greater 
than those that will be encountered in the field experiment have shown no visi- 
ble gassing. 

Further tests will be mm to establish the actual gas production rate, 
if any, so that a correction may be made in the off-gas analysis of the field 


experiments. 


CONCLUSION 


This status report has described analytical work on the thermal problem 
associated with disposal of radioactive wastes in salt, the experimental studies 
of the effect of radiation on the structural properties of rock salt, and the 
chemical interactions between wastes and salt. The selection of a test site, 


the design of the field test, and the material studies associated with the field 


tests are also described. 
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The results of the work have been applied to the design of a series 
of tests leading to the final test, actual disposal of radioactive waste in 
a salt cavity. Theoretical calculations and laboratory scale experiments 
with disturbed samples can only give us an approximation of the results to 
be expected in the field. Similarly, the preliminary field tests can only 
simulate heat generation and chemical compatibility. The definitive test 
will be the actual disposal of radioactive wastes under carefully controlled 


conditions in some remote and isolated salt cavity. 
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Thermal Considerations 


in 


Deep Disposal of Radioactive Waste 


by 


FRANCIS BIRCH 
Harvard University 


SUMMARY 


The following pages contain some calculations and arguments relative to 
the thermal problems in disposing of large quantities of radioactive waste in geo- 
logic formations, The Committee on Waste Disposal has recommended that re- 
search be undertaken to determine feasibility of disposing of wastes in salt beds 
and salt domes, and in the porous strata of deep synclinal structures with com- 
plete closure. The experimental approach is discouraging because of the long 
time required for the heating to reach its maximum, of the order of 40 years or 
more, with the possibility that important consequences may not be observable for 
longer times. The uncertainties arising from uncontrollable underground condi- 
tions must be balanced against the apparent economies of the proposed disposal 
methods; alternatives such as storage in surface tanks or in solidified form, 


though possibly more costly, may offer greater opportunity for monitoring and 
control, 


The only aspect of the problem of safety which is considered in this report 
has to do with the generation of heat in the waste; this is treated in terms of 
simplified, undoubtedly artificial models, which may nevertheless retain the 
principal features of the real situations, so long as the temperatures remain 
within some poorly-understood limits. The limiting conditions are then exam- 
ined. The results suggest that nearly any quantity of waste producing heat at 
the rate of 0,01 watts per gallon, if distributed in a layer of the order of 100 
meters thick, can be accommodated without undue rise of temperatures. Con- 


centrations much above this level would raise questions exceedingly difficult to 
answer, 


It does not appear that any decisive advantage is gained by burial at ex- 
cessive depths (greater than a few thousand feet, for example) provided that 
potable water supplies and other natural resources are adequately protected, 
Some real geologic formations which are potential reservoirs should be studied 
in detail with respect to lithology, stratigraphy, structure, proximity to cities 
or towns, nature of contained water, relations to potable water, etc. A major 
difficulty comes in deciding when and how the reservoir condition will break 
down as the content of the reservoir heats up, 


DISPOSAL IN POROUS STRATA 


We wish to specify an upper limit for the concentration of liquid wastes 
which, under given conditions, would not lead to undesirable thermal effects. 
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There are two problems here, which can to some extent be treated separately. 
First, we have to make estimates, as realistic as possible, of the rise of tem- 
perature, as a function of configuration, concentration and time. Second, we have 
to decide at what point the assumptions made for the first part will break down- 
in other words, to decide when new effects will begin. This second part is the 
more difficult: It is relatively easy to compute the rise of temperature so long 
as the principal agency of heat loss remains conduction; it is not so easy to de- 
cide when convection may begin to mix waste with the surrounding ground water, 
or what the consequences may be. 


Once material has been injected into a porous formation, it is subjected to 
a variety of disturbing processes. Chemical effects may fix some of the ele- 
ments near the point of entry; fractures and sedimentary features of primary 
origin may permit migration in unexpected directions, etc. Experiments bearing 
on the possibility that the radioactive ions would be fixed in disproportionate 
amount close to the point of entry are evidently important, though it is likely 
that local hot spots would be cooled by the development of convective movements 
of the fluid. 


Temperatures in a Heated Layer 


For the purpose of making preliminary estimates, it will be supposed be- 
low that it is possible to distribute the material uniformly in a horizontal layer 
of uniformly porous rock, in a layer which is thin by comparison with its hori- 
zontal dimensions, and that the material is confined within this layer by imper- 
meable boundaries. It is further supposed, as most closely resembling the 
probable real circumstances, that circulation within this layer produces a vir- 
tually uniform temperature across the layer, and that loss from the layer is 
entirely by conduction. A relatively thin layer of wide extent is probably the 
most favorable configuration for combining high heat loss with large volume. 
Table 1 shows the capacity, per km”, of beds of various thickness for an average 
porosity of 20 percent. 


TABLE 1 


CAPACITY PER SQUARE KILOMETER 
OF LAYER OF 20 PERCENT POROSTTY 


Thickness Liters Galions 
meters millions millions 





ents 


rage 
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The heat capacity of the medium will be intermediate between that of water, 
1 cal/cm3 deg, and that of ordinary rock, about 0.5 cal/cem3deg. For rock of pore 
volume x (fractional) filled with water, the mean heat capacity is then 0.5 (1 + x) 


cal/cm3 deg; this varies from 0.5 for x = 0 to 0.7 for x = 0.4 (40 percent). 


The radioactive heat sources after a reasonable cooling period being prin- 
cipally Sr°° and Cs!3’, we take as an approximate single decay constant a half-life 
of about 30 years, or a disintegration constant of a = 0.02 per year. If heating is 
according to A,e~*t, in cal/cm year, then the total heat generated for all time is 
A,/t or 50A,, and of this, half is produced in the first 30+ years. Suppose that 
the rate of heating of the waste is W, in watts/gal. This is equivalent to 2000 W, 
in cal/cm3 year. With a porosity of 20 percent, we have A, = 400W cal/cm$ year, 
and the ultimate rise of temperature, if no heat were lost, would be 33,000 W 
degrees. As the following calculations will show, a considerable fraction of the 
heat will be lost, but it is immediately suggested that W must not exceed values 
of the order of 0.01 (1 watt per 100 gallons). 


For W = 0.01, A, = 4 cal/cm3 year (porosity 20 percent). A layer 10 cm 
thick thus produces 40 cal/cm?year, which is about the normal geothermal flux. 
A layer 1 meter thick with these values produces 10 times the normal flux. 
These figures need not cause alarm without further examination, but clearly we 
are dealing with important sources of heat. The heat flow from the intensely 
active Wairakei area of New Zealand is believed to amount to about 150,000,000 
cal/sec; the area involved is somewhat uncertain, but if we take 20 km2, the 
“normal” heat flow would be about 250,000 cal/sec. The actual heat loss is then 
about 600 times normal. This intensity would be produced, at least for a period 
of the order of 30 years or so, by a layer 6000 cm or 60 meters thick, porosity 
20 percent, filled with waste having a concentration of 0.01 watt/gal. 


In the following, we shall neglect the effect of the Earth's surface on the 
cooling of the layer. This is permissible as soon as the depth to the layer ex- 
ceeds a few hundred meters, for times of the order of a few hundred years. 


Only a single injection of waste is considered; this is supposed to form a 
layer and to remain in place, except for stirring within the layer. With a little 
more trouble, calculations for several discrete injections, or for a continuous 
introduction of material could of course be made. 


The problem in heat conduction to be treated is as follows: in the infinite 
medium, the layer, -a<x<a, is heated uniformly at the rate A,e-®t, in cal/cm$ 
year. Within the layer, the temperature is uniform. The initial temperature 
of medium and layer is zero. The conductivity of the medium is K, heat ca- 
pacity per unit volume, c; the heat capacity of the layer, per unit volume, is c' 
letn = c/c'. Because of the symmetry about the plane x = 0, we need consider 
only positive values of x. Then first considering constant heating, A, the equa- 
tions are: 


37457 O—59—vol. 325 
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oT 
for x>a, c— = K 
ot 


Applying the Laplace transformation, these become 


av a2¥ 
¥ = A/c'p2 + (K/ac'p) —| and = q?2¥ 
Oxta Qx2 


where ¥ is the transform of T, q? = p/k, k = K/c. The desired solution for x>a is 
Vv = Be-a*. Then = = -qBe-%" The temperature must be continuous at x = 4; 
xia 
this determines B: 
Aeqs qa Aeq® 1 


: = ——_ ,, with h = n/a. 
c'p2 qa +n ke' pq(q + h) 


From this we have, 

iat _ An 1 

or <z<e, V ® K pqiq + h) 
An e-q(x- a) 


for xa, Ve — — 
K pq(q + h) 


This is now in the form listed in the table of transforms in Carslaw and Jaeger 
(1947, p.381, 15) and the temperature may be written at’once as 


Aa2 kn2t 
T= es V —; - 1 + ekn2t/e? erfe venta? f for O<x<a . 
Ta 


Kn 


The result for exponential decay of the heating rate is readily obtained from this 
by applying Duhamel's theorem, and we find 


Ay ett 


ae (1 + kn2/a2q) 


| eaves + kn?/a2aq) erfe Ykntt/a2 - 1 


2 no Vie 


2 
+—,/—— J e® dz}, for O<x<a 
vx V ata 0 


All of the functions in this expression have been tabulated and numerical results} 
may be calculated for any set of assumptions. 
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Two examples have been worked out, with the following choices of constants: 
Ex. 1, a = 40 meters = 4000 cm; k = 0.01 cm2/sec = 32.104 cm2/year; a = 0.02 per 
year. We then have k/a = 16.10° cm?, and k/aa? = 1. For simplicity, n is taken 
as 1; this will be reasonably correct if the rock surrounding the layer is also 
saturated and has about the same porosity. Ex. 2, a = 10 meters = 1000 cm; other 
values the same as in example |. 


There are various ways of exhibiting the results; perhaps the most flexible 
is to show the coefficient of A,/c' as function of the time after injection. This 
coefficient is also a time, and will be given in years. The rise of temperature is 
given by A,/c', which is the rate of rise at zero time, multiplied by this coeffi- 
cient, which gives, as function of time, an equivalent heating period at the initial 
rate. For comparison, the function (1 - e~*4 /4 is also shown; this, multiplied by 
A,/c', gives the rise of temperature if no heat is lost. It approaches 1/a as an 
asymptote, in this case, 50 years. 


We let the rise of temperature be given by A, f (t)/c'. The function f(t) 
is given in Table 2 for the two examples, and for the case of no heat loss, which 
is the limiting case for a very thick layer. It is also instructive to form the 
ratio R(t) = f(t) divided by (1 - e-%t)/qg; this gives the fraction of the heat gen- 
erated up to time\t which is represented in the rise of temperature at that time. 


The function 1 - R(t) then gives the fraction of the generated heat which has been 
lost by conduction. 


For the 20-meter layer, a flat maximum of temperature is reached after 
about 50 years; for the 80-meter layer, the maximum is reached later, at about 


[eee 
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80 years, and is 2.77 times as high, concentrations being equal. Since, under 
these conditions, there is 4 times as much waste in the 80-meter layer, the 
thicker layer is more efficient in restricting the rise of temperature. If the con- 
centration in the 20-meter layer were 4 times as great as in the 80-meter layer, 
so that the content per unit area was the same, then the maximum temperature in 
the 20-meter layer would be about 45 percent higher than the maximum of the &0- 
meter layer. This is a consequence of the greater thermal mass of the thicker 
layer, which retards the rise of temperature while radioactive decay is reducing 
the rate of heating. The maximum is reached later, and is relatively lower than 
for the same amount in a thinner layer. 


With the figure adopted earlier (porosity 20 percent a = 0.02 per year) we 
had A, = 400 W cal/cm3. year, W = watts per gallon. A,/c = 670 W degree/year 
(c = 0.6 cal/cm.deg.). This ledto ultimate temperatures of 50 x 670 = 33,000 W 
if no heat were lost. The maximum for the 20-meter layer corresponds to an 
effective time of 6.5 years, or a rise of 4350 W degrees. The maximum for the 
80-meter layer corresponds to an effective time of 18 years, orariseof12,100W 
degrees. To be more specific, W = 0.01 watts/gal leads to a rise of 120° for 
the 80-meter layer, 43°C for the 20-meter layer; if we put W = 0.04 in the 
20-meter layer, the maximum rise is 174°C. 


Attention should be called to the circumstance that it has been assumed, 
in effect, that the waste material is injected at the temperature of the rock of 
the reservoir, and that the equations are linear, so that solutions may be super- 
posed. In particular, a linear normal rise of temperature with depth may be 
added to the solution found above. If the waste is hotter or cooler than the en- 
vironment into which it is injected, there will be a correction term. This may 
be found for the conditions envisioned in the above examples. Suppose that the 
difference of initial temperature between the layer -a<x<a and the surrounding 
rock is ATo, uniform through the layer, and let this stay uniform within the layer 
throughout the process of cooling or heating to the surrounding temperature. 
Then the difference of temperature AT between the layer and the initial tempera- 
ture of the surroundings is given by AT = ATo et? erfc z, where z = knt/a?, 
This function is tabulated in Carslaw and Jaeger (p. 373). The points of interest 
are the times of maximum temperature rise resulting from the radioactive 
heating. For the 20-meter layer, this is about 50 years; this gives AT = 0.137 AT,. 
For the 80-meter layer, the maximum of heating comes at about 80 years, for 
which AT = 0.36 AT,. These corrections are unlikely to be large. Suppose, for 
example, that waste at 20°C is pumped into the pore space (20 percent) of rock at 
120°C; the mixture will have an initial temperature of €7°C, so that AT, is 33°. 
The corrections found above are thus less than 12° at the time of maximum rise 
from heating, in this case in the direction of reducing the maximum temperature. 
It would be injudicious indeed to work so close to the limit that this effect would 
be significant. 


It has been assumed that the rise of temperature is uniform throughout the 
waste-filled layer. Another possible assumption would be that transport of heat 
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within the layer is by conduction alone, with the same thermal properties inside 
the layer as outside. The solution for steady heating at a constant rate A is given 
in Carslaw and Jaeger (1947, p.61): 


Zerfc —me- § for 6 
S°eric aa or <x<a ; 
am } 


At 
c 


{ 212erfc 


At the center, 
A 
=— (1 - 4ierfe 


at the edge, 


At 2a 
= a, Tla) = — (1 - 4i2erfc 


Ps 
2c Vikt 


the center is always warmer than the edge of the layer, the rise of temperature 
being twice as great at the center as at the edge for short times, with the ratio 
approaching | for long times. For heating according to A,e-*t, the corresponding 
solutions may be found to be 


Again, the center is always warmer than the edge, since erfx is always greater 
than (erf 2x)/ 2. These integrals not being at hand, we may estimate the differ - 
ence for the case of steady heating, remembering that the absolute values so 





29308 INDUSTRIAL RADIOACTIVE WASTE DISPOSAL 


obtained will be somewhat too high.2/ With A/c = 6.7 deg/year, as assumed above 
(W = 0.01, porosity 20 percent) and an 80-meter layer, the rise in 20 years will be 
119°C at the center, 67°C at the edge, a difference of 52°; as the radioactive decay 
in 20 years is to about 2/3 of the initial rate, the difference will be at least 35° 
when decay is allowed for. This means a gradient of 35/40 or about 1°/meter, and 
it is hardly likely that the layer would remain stable if the liquid were not sealed 
into the pore spaces (see below). The probable course of events seems to be that, 
supposing the layer itself to be bounded by impermeable formations, heating would 
at first take place as just described, with the center warming more than the boun- 
daries, At some stage in this process, depending upon the permeability of the 
layer, instability would set in, and stirring would tend to bring the whole layer to 
a nearly uniform temperature. This process might be repeated a number of times. 
The long-term behavior is probably reasonably well described in terms of the 
heating of a layer of effectively infinite conductivity, for which the curves of 

Fig. 1 and Table 2 have been constructed. 


Determination of Critical Conditions 


The calculations of temperature for various assumed distributions of the 
heat sources are relatively straightforward. It is much more difficult to decide 
at what point the assumptions become physically unrealistic. Calculations leading 
to temperatures of thousands of degrees are obviously mere number-work; long 
before such temperatures were reached, the assumed conditions would be altered 
as new processes became important. The first question to be asked is, under 
what conditions will the liquid waste remain in a natural reservoir? 


There is a great deal of structural and stratigraphic knowledge to be 
brought to bear from petroleum exploration and production but the likeness to a 


Y/ pr. Walter Gautschi, National Bureau of Standards, points out that these inte- 


grals are expressible in terms of the complex error function. It can be shown that 


Aje-tt ot a 


T(0) = 2 J e286 er f(a) dp = 
e2 
yn eo Tt so Mt Rel yO + 


Vike 


wz) = e=s* erfc(-iz). 


The function w(z) of the complex argument z is tabulated in V. N. Faddeeva and 
N. M. Terent’ev (1954). 
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petroleum trap is not so close as it may seem. It has been shown by Hubbert 
(1953) that capillary pressure amounting to at least several atmospheres aids in 
preventing the escape of oil or gas through a water-bearing fine-grained cap 
rock: “This phenomenon permits us to regard a sandshale boundary as an imper- 
meable barrier to oil trapped in the sand, but not an impermeable barrier to the 
passage of water in either direction.” Oil and gas move upward displacing water 
because of lower density and are trapped because immiscibility produces a bar- 
rier. Unlike oil or gas, aqueous wastes will be miscible with ground water and 
the density will be equal to or greater than that of ground water. It was for these 
reasons that the Committee on Waste Disposal recommended studying the possi- 
bility of disposing of liquid waste in porous and permeable sandstone strata in 
the deep parts of sedimentary basins. Those sandstones will be essentially 
horizontal and will be interbedded with other sedimentary rocks, all of which will 
be completely filled with ground water --probably high saline brines. The waste 
is or can be made denser than the water filling the pores and the waste should be 
placed in the lowest part of the structure from which it cannot migrate. 


Layers of shale may have vanishingly low permeabilities, with self-sealing 
properties capable of closing up incipient fractures. Evaporites also form vir- 
tually impermeable layers, under natural conditions. In all of these cases, the 
native water is at the temperature of the surrounding rocks, with no exceptional 
internal heat generation. It seems likely that the heating of introduced liquid 
waste some hundred degrees or so would not produce drastic physical changes, 
and that plastic deformation of shale or evaporite layers, if sufficiently thick, 
might continue to provide a tight container. At some point, chemical or min- 
eralogical changes must be expected; these, by altering the minerals, by solution 
effects, and so on, may open up channels through which the waste can move out 
of its supposed reservoir. These changes may be so slow that by the time they 
have a significant effect, the activity of the waste will have declined to a safe 
level; the Sr™ activity will be reduced by a factor of 1000 in 280 years. 


It seems probable that in a reasonably permeable layer filled or partly 
filled with waste of the concentration we have been discussing (0.01 watts/gal) 
convection will be set up. The conditions for initiating convection in uniform 
permeable layers have been discussed by Lapwood (1948) and Goguel (1953). In 
a horizontal layer of uniform permeability o, thickness h, the fluid is stable 
until the thermal gradient exceeds the adiabatic gradient by the amount 8, given 
by 8 = (4n2kv)/(h2ago). Here a is the volumetric thermal expansion, v the 
kinematic viscosity of the liquid, k the thermal diffusivity of the rock, g the ac- 
celeration of gravity. The critical thickness for 8 = 30°/km, of the order of the 
normal gradient, is shown in Table 3. 


The critical thickness h is proportional to 1/A!/2; thus for gradients of 
the order of 1°/meter or 1000°/km, such as appeared in the discussion of the 
heated layer, the critical thickness would be roughly 1/6 as great as those of 
the table, other conditions remaining the same. For permeabilities of 1 darcy 
or greater, the critical thickness would be less than 40 meters, at 100°C. 





INDUSTRIAL RADIOACTIVE WASTE DISPOSAL 


TARLE 3 


CRITICAL THICKNESS OF UNIFORM LAYER, FOR 6 = 30%KM. 


Permeability 


evar 
0.01 7260 





Assumed parameters 
104a, deg”! 


0.009 





0.01 


This is, of course, a high permeability, as rocks go, but something of this kind 
will probably be required to permit introduction of large quantities of waste. For 
0.01 darcy, the critical thickness would be some 400 meters. 


This circulation would be advantageous for the thermal problem, amounting 
indeed to a thickening of the layer; for a given amount of heat, we have seen that 
this reduces the maximum temperatures. Whether such a circulation would re- 
sult in contamination of ground-water is another matter. Detailed studies of 
particular regions need to be made with all of the requirements in mind. 


Another matter which needs some consideration is the possibility of boil- 
ing. The depth at which boiling becomes possible, for a given temperature, de- 
pends upon local conditions. It is usually found that the pressure in drill holes is 
somewhere between the pressure of a column of water to the depth in question and 
that of a column of rock of the same height. In thermal areas, the temperature- 
depth curves often come close to the curve which would be found by supposing that 
the water at every depth is at the saturation density. Saturation curves are shown 
in Fig. 2. The critical pressure is reached at 11,500 feet if the density is every- 
where that of the saturated liquid, 7300 feet for unit density, 2900 feet for mean 
rock density of 2.5. Water at greater pressures would not boil; if, however, a 
channel developed by which the water could rapidly rise to higher levels, boiling 
might take place near the surface. This appears to be what happens in geyser 
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areas; at Wairakei, for example, large supplies of water at about 250°C are found f 
at depths of the order of a few thousand feet, where the corresponding saturation t 
temperatures are slightly higher. On moving upward, this water mixes with 
cooler surface water, and the temperature stays below the boiling point, except 
in the geysers and the artificial bores. The bores are producing some 1500 mil- 
lion gallons per year, as condensed steam and hot water. 


The conditions which produced the New Zealand thermal area have per- 
sisted long enough to heat the near-surface rocks to temperatures close to the 
Saturation temperatures. This takes a much longer time than the hundred years 
or so required for a single injection of waste to reach its maximum temperature, 
and escaping streams of waste would soon encounter cooler rock and water. 

This would provide a factor of safety against escape to the surface. 


a.” a a ee 


If we decide, somewhat arbitrarily, that the temperature of the waste 
should never exceed 300°C, then the deeper the injection, the smaller the allow- 
able rise. At a depth of 2 km, the normal temperature might be 100°C or more, 
leaving a permissible rise of 200°C. This is about what was found for an 80- 
meter layer with W = 0.02 and porosity of 20 percent. There seems to be little 
reason, in general, for considering deeper burial, though specially favorable 
local features might lead to it. A 2-km layer, or even a 1-km layer, is thick 
enough to prevent any perceptible thermal effect from reaching the surface by 
conduction, unless the source continues for times of the order of 10,000 years. 


DISPOSAL IN SALT DEPOSITS 


A method of disposal recommended by the Committee on Waste Disposal 
for further study is by storage as liquid in cavities in salt deposits. One of the 
problems associated with this, as with other methods of storage, is to set safe 
limits with respect to the evolution of heat in the wastes. A tentative approach 
to this question may be based on the solution for the rise of temperature ina 
heat-generating layer, with allowance for the appropriate differences in the 
thermal constants. 


| 


The solution given for a heated layer depended upon time through two A 
parameters, a the effective decay constant of the radioactive waste, and the 
quantity kn2/a2, where k is the thermal diffusivity (conductivity divided by 
specific heat) of the medium surrounding the layer, a is the half-thickness of 
the layer, and n is the ratio of specific heats c/c',c referring to the medium, ir 
and c! to the material of the layer itself. In the earlier discussion, it was T 
supposed that the layer, as well as the surrounding medium, consisted of rock 0! 
of about the same porosity, saturated with brine, and hence n was taken as l, la 
and k as 0.01 cm2/sec. The solution is readily adapted to other assumptions, ta 
since, if we take different values for k and n, the time-dependence will be the tr 
same if we keep kn2/a the same, in other words, change the thickness of the al 
layer. The rise of temperature is proportional to the time-dependent di 


oO 


: 





found 
ation 


ept 
mil- 


— 
the 
ears 
ature, 


sal 
f the 
afe 
ach 


INDUSTRIAL RADIOACTIVE WASTE DISPOSAL 2213 


factor multiplied by A/c', A being the rate of heat generation per unit volume of 
the layer. 


The thermal parameters of pure halite are reasonably well known, though 
there are some discordant values in the literature. Table 4 shows the conductivity 
for a natural single crystal (Birch and Clark, 1940), and the corresponding dif- 
fusivity, calculated with the specific heat as tabulated. The conductivity and dif- 
fusivity fall off as the temperature increases. The simple theory requires a 
diffusivity independent of temperature, and it will suffice for rough calculations to 
take k = 0.02 cm?/sec, correct at about 120°C. 


TABLE 4 


THFRMAL PARAMETFRS OF HALITE 


cm. sec. deg. 


0.0146 


-0120 


-0101 


. 0086 


0075 


. 0060 


. 0050 





Tabular Cavities 


We suppose that the layer is filled with brine, generating heat at the rate 
A = 2000 W cal/cm$ year, where W is the rate in watts/ gal. For the specific heat 
c', we take 1 cal/cm3 deg. Thus A/c' will be 2000 W deg/year. 


Compared with the former case, we now have n = 0.45, or say n2 = 0.2, 
instead of 1, and k = 0.02 instead of 0.01. Thus kn? is now 0.004 instead of 0.010. 
To have the same time-dependence, a? must now be smaller, in the ratio 1/2.5, 
or a in the ratio 1/1.6. The curves given before for 20-meter and 80-meter 
layers now apply to 12.5-meter and 50-meter layers. These thinner layers con- 
tain five times as much liquid, per cm3 as did the porous layers formerly 
treated. With respect to liquid capacity, the 20-meter porous layer was equiv- 
alent to only 4 meters, and the £0-meter porous layer to 16 meters. The better 
diffusivity of the salt has resulted in an improvement in the rate of dissipation by 
a factor of about 3, for this particular example. 


| 
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We must, however, take into account the greater rate of heat generation, 
For the former 20-meter layer, we found that the maximum temperature was 
reached after about 50 years, and corresponded to heating with no loss at the in. 
itial rate for 6.5 years. This now applies to a liquid layer 12.5 meters thick 
in salt. The maximum temperature is then 6.5 x 2000 W degrees, or 13,000 W 
degrees. With W = 0.01 watt/gal, this is 130°C, etc. This is the rise of tem- 
perature in 50 years, to be added to the initial temperature. It is approximately 
the same rise that was found for the 80=-meter layer with a porosity of 20 per- 
cent, the same concentration of waste, and k = 0.01 cm2/sec. As this layer was 
equivalent to a layer of liquid 16 meters thick, the salt is less efficient than the 
porous layer, in the ratio 12.5 to 16 (78 percent). 


The reason for this somewhat paradoxical conclusion is that in the porous 
layer, the thermal inertia, per unit volume of liquid, is greater than in the liquid 
itself, and by a factor which more than offsets the higher conductivity of the salt 
The difference is not great enough to be decisive, however; we merely note that 
as between a layer of liquid in salt, and a layer in porous rock (with this order 
of porosity) there is no important thermal advantage, for the same amount of 
liquid. This leaves the decision to be determined on other grounds --accessi- 
bility, mechanical stability, effectiveness of sealing, etc. If a mined-out layer 
in a salt dome were used, there would be the advantage that the shape could be 
accurately surveyed, and the initial position of the liquid well determined, 
something which might be difficult in a porous structure. Enough pressure 
should be kept on the liquid to prevent boiling; this could most readily be ac- 
complished with a liquid-filled standpipe reaching to the surface from an other. 
wise tight system. There should not be large vertical shafts which would per- 
mit convection and possible geysering. If the temperature were not allowed to 


re 


rise above 150°C, the depth would not have to exceed about 150 feet. 


Spheric al Cavities 


The solution for a uniform layer can evidently be used to give some in- 
formation regarding the thermal effects of spherical cavities. Any number of 
such cavities of radius less than a can be distributed throughout a layer of 
thickness 2a, without exceeding anywhere the temperature found for the layer 
2a, other parameters (A, porosity, thermal constants) remaining the same; the 
uniform layer gives the limit which is approached as the spheres tend to fill 
the whole layer. A single sphere, or widely spaced spheres, will have a 
diameter somewhat greater than the thickness of the uniform layer which 
would give the same temperature. The spherical cavity has some interest, 
moreover, as offering a possible experimental arrangement which would not 
require excessive times for reaching the maximum temperatures. 


The calculation for spheres with exponential decay of the heating rate is 
straightforward, but the integrals required for numerical calculation are not 
at hand. For small spheres, a useful approximation may be obtained by 
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neglecting the decay, and computing the rise of temperature for a constant rate of 
heating. In this case, there is an ultimate steady-state temperature, different 
from zero. Let A/c be the rate of rise of temperature, if there is no loss of heat; 
the steady-state temperature outside the sphere is Aa’/3ckr, and at the boundary, 
r =a, this is Aa?/3ck. For a sphere of radius 10 meters, in a uniform conducting 
medium (the sphere also having the same conductivity) the temperature rise is 

77 percent of the ultimate temperature in about 10 years, if k = 0.02 cm2/sec, as 
for salt. Corresponding estimates for other sizes and times are shown in Table 5. 


TABLF 5 


TEMPFRATURE RISF IN LIQUID-FILLFD 
SPHERICAL CAVITIES IN SALT 


Constant heating at 0.91 watts/¢al. 


Ultimate 


temperature Time to reach fraction of 


°c ultimate temperature 





The actual temperature rise depends upon the concentration. If this re- 
mains constant at 0.1 watts/gal, then the temperature rise in the sphere of 10- 
meter radius will be 80°C in 10 years. It will never much exceed this, the 
“steady-state” temperature rise being 104°C; in fact, because of the decay, the 
temperature after 10 years will be closer to 70°, and will thereafter rise only 
slightly to a maximum, then gradually decline. It is possible thus to control the 
maximum temperature and the time at which it will be reached by adjusting the 
concentration of the waste and the size of the cavity. The principal object of 
such an experiment would seem to be a large-scale verification of the thermal 
constants plus the opportunity to study other aspects of the interaction between 
solution and cavity. It could not provide a satisfactory test of the mechanical 
stability of much larger heated cavities in salt. The capacity of a sphere of 
10-meter radius is about 4 million liters, roughly | million gallons. Evidently 
itis not essential that the cavity have an exact spherical form; the results will 
be much the same for any nearly equidimensional shape. 


The “steady-state” temperature for spheres is proportional to Aa?, 
while the capacity is proportional to Aa3. For a given content of radioactive 
elements, consequently, the temperatures will be proportional to 1/a and it 
will be economical to use the largest possible sphere. This advantage is even 
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greater when we consider the transient case, as the larger the sphere the slower 
the rate of heating and the more important the effect of radioactive decay; this 
was also found to be true for the heated layer. 


Solution For Heated, Conducting Sphere 


The solution for the heated sphere in the uniform medium given in Carslay 
and Jaeger (1947, p. 287-288) is incorrect. The problem is as follows: heat is 
produced for t>0 at the constant rate A per unit volume in the region O<r<a of 
the infinite medium, of uniform conductivity K, diffusivity k, and zero initial 
temperature. The equations of heat conduction become, 


for O<r<a, 


OT 32T 
—— = K 


c 
Ot 


or? 
and for r>a, 
o*r 2 oF 
Ge F =) 
Applying the Laplace transformation, we obtain the subsidiary equations, 


d2( rv) rA 
TF - q%(rv) = “m" Ocr<a ; 


=0, r>a. 
The solutions are of the form, 


rv = Ar/cp? + C sinh qr, O<r<a , 


= Be-qF, roa. 


B and C are to be determined by the conditions that temperature and gradient 
must be continuous at r = a. Carslaw and Jaeger are correct to this point. The 
correct solutions for B and C are 


B = (cosh qa - sinh qa/qa) (Aa/cp?) 


C = -(A/cp2q) (1 + qa)e-4@ 
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slower Then for O<r<a, 























this 
v = (A/cp2) [1 — sinh qr e~4® (1 + qa)/qr, ] 
and for r>a, 
arslaw v = (Aa/crp2)e-qa® [cosh qa - sinh qa/qa]) . 
at is 
ca of 
al The corresponding temperatures are 
for O<r<a, 
The, ed 0 tatd-T Ws a itente See Se 
»t = At ~_— - i1¢ 
r c i“eric Viki eric Viki 
Vikt a+r a-r 
+a ( i3erf - i3erf ) 
iveric Vikt i1veric Vakt 
and for r>a, 
F= 6 e 7 2 
T(r,t) = (2Aat/cr) i2erf + i2erf == 
r a r E eric Vike 1“eric ake 
+a F- ea 
+ VER (i3erte = - idert i 
. “eric Viki 1“eric : 
Temperatures may readily be calculated for any values of r and t with the 
aid of the tabulations of i2erfc x and irerfc x in Carslaw and Jaeger (1947). The 
steady-state temperatures are, 
for O<r<a, 
T(r) = (Aa2/2ck) (1 - 12/302) 
and for r>a, 
ient T(r) = Aa3/3ckr 
. The 


This value for r>a, in the steady-state, is independent of the distribution of the 
heat sources in the sphere of radius a, so long as point symmetry is preserved, 
the total quantity Aa? remaining the same. 
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The solution for the same problem but with exponential decay of the heating 
rate is obtained from the foregoing solution by Duhamel’s theorem. 


For r =o, the solution is 











Aa? - 2 R2 28 22. dR 
T(0,t) = e-%t J etaé 4kP* (aut 8 = sam e7P") A 
9- = 3 
sem a/ Vik vt B 
for r =a, 
Aja2 ( a . 9 9 a? de 
Ra,t)* ee pens eta /k (erf R- - Pics an" ) — 
6 a/V kt BvT B§ 


These may be written, for given 4a,k,a, 


9 


To(t) = (A_a2/2ck) Felt), 
oO 


for r = 0, 


T(t) = (Aja2/3ck) F,(t). 


The terms in parentheses are the steady-state temperatures which would be 
reached for constant heating at the rate A,(no decay); the functions F, (t) and 
F(t) give the fractions of these temperatures reached at the time t and r = 0 


and r = a, respectively. Numerical results are shown in Table 6 for r =a, rac 
a = 0.02 per year, k = 0.02 cm2/sec. = 64.104cm?/year, a = 10 meters. For pre 
comparison, the corresponding figures for steady heating are also shown. spl 
int 

This particular solution does not correspond to the case of a liquid waste, bor 


since the sphere r = a is filled with salt, exactly like the surrounding material 

except that heat is supposed to be generated in it. Such a situation might arise 

if the radioactive elements were distributed in a matrix of dry salt, which was 

then packed into a spherical cavity. The figures given above will be too high 

for the case of a cavity in salt filled with liquid waste, though the difference Ap 
should not be great for spheres of small radius (say, a = 10 meters or less). eq 


Waste -Filled Spherical Cavity in Salt 


A closer approach to the problem of a cavity in salt, filled with liquid whi 
waste, may be obtained as follows: suppose the cavity to be spherical, of tim 
‘3 
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ing 
TABLE 6 
FRACTION OF TEMPERATURE Aa?/3ck 
REACHED IN t YFARS, 
a = 10 meters, k = 0.02 cm2/sec 
Ave" A 
0.02/year (constant) 
percent percent 
39. 
Al. 
108. 5 
156.3 
infinite 
radius a, completely filled with liquid of specific heat, per cm3, c', and heat 
production A, per cm3. Suppose that the temperature is uniform throughout the 
sphere, because of convection within the liquid, and that conduction takes place 
into an infinite mass of salt. The initial temperature is zero throughout. The 
ite, boundary condition is 
a | 
5e OT A 3K oT 
S as ¢ — 
LS ot a c' c'a or la 


Applying the the Laplace transform, and taking the solution of the subsidiary 
equation, for r>a, as ¥ = 83 e"4" /r, we find the solution in the form 


Ae e7a(r - a) 
y= 


e'kr plq + a) (q + @) 


where -a and -8, are the roots of (q? + uq/a+u/a2). As before, » = 3¢/c', three 
times the ratio of (volume) specific heats. For the case of interest, , is about 
1.35, so that a,8 are complex. We have a,8 = (u/2a) (1 - i Y/u - 2D). 


37457 O—59—vol. 3——26 
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The solution is then, r>a, 


Y+le 
Aa l y e7~a(r - a) + pt 
T(r,t) = ote Ln GH . 
e'kr 2ni »;@ plq + a) (q + 8) . 


On integration, the temperature is found to be 


Aa3 Qu & [= ox + a@ sin ox / x 
0 


na2 (8 = a) x2 + q2 


cos ox + 8B sin ox / x 
a a as 
+3 


Here o=r-a. We need only the temperature of the solution, at r = aor o= 0. 
This is 


Aa? Qu 1 2 
Tla,t) = i. a -kex 
, 3ck wri 4 x2 + = | i ” 


2,,2 
Aa? ; e~kty"/a” dy 


ia, . ae + oe f 9/. 
3ck (y2/p = 317 + y2 ootnote 2/ 


In this form, we have only to evaluate a real, definite integral; for small values 


of a, the exponential factor quickly approaches zero, so that numerical integration 
is convenient. 


2 
2/ Dr. Walter Gautschi, National Bureau of Standards, points out that this integral 
can be expressed in terms of the function w(z). Namely, 


2 sue 
e~kty°/a w (2) 
2 ° 


(> - 1)2 + y? = 


[ke / Te 
z 32 Ml- eis 


Reference: Faddeeva and Terent’ev, op.cit. 
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For heating according to A,e-®t, we apply Duhamel’s theorem, and obtain 
the solution for r = a, in the form of a definite integral, 


Cd. F [1 = ent ky?/e? - ae) y2 ay 
pee. “eS 2 ok Tice. oe. Gate 
. 3Ke © (ky2/a*-a) [(y*u- D+ y*) 


This is also relatively convenient for numerical computation. A few results are 
given below for a = 10 meters, 4 = 0.02 per year, k = 0.02 cm2/sec = 64.104 
cm2/year. The temperatures at time t are given by A,/c' multiplied by a factor 
having the dimensions of time (years); this factor may be called the effective 
heating time =. We may also express the results as fractions of the fictitious 
steady state temperature which would be reached if the rate of heat production 
remained constant and equal to A,. As can be seen above, this is A, a?/3ck. 
These percentages may be compared directly with the results given above for 
the case of the conducting sphere in which heat is generated. There is a slight 
lag with respect to the earlier results as a consequence of the greater heat 
capacity of the solution, but the difference for a 10-meter radius is slight. 


TABLE 7 


RESULTS FOR WASTE-FILLFD SPHERE, OF 10-METER RADIUS, IN SALT 


tstniiles Factor of 
(1 - @7**) A,a2/3ck 
percent percent 


(1 = °**)/e 
years 


It is also useful to calculate the fraction of total heat generated within the 
sphere which is retained in the waste. For a constant rate of heating, there is 
an asymptotic approach to a limiting temperature, even though the total heat 
input increases in proportion to the time. Thus the fraction of heat retained 
approaches zero in the limit. The same thing is true for exponential decay of 
the heating rate, except that now the total heat input is finite. The amount gen- 
erated in time t is proportional to (1 - e~*t)/a, approaching a limit, for a = 0.02 
per year, of 50 years. This time is also shown in Table 7; comparison with f 
which is proportional to the temperature rise at time t, shows that after 7.81 
years, for example, close to the time of maximum rise, only 10.5 percent of the 
integrated heat input is retained in the waste. Thus the sphere of 10-meter 
radius, in salt, is a fairly effective dissipating system. The maximum tempera- 
ture rise is about 0.8 A,/c' = (0.8) 2000 W, where as before W is the initial heat- 
ing rate in watts/gallon. For W = 0.1, the maximum rise would be about 160°C. 
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THE DISPOSAL OF HIGH-LEVEL RADIOACTIVE WASTES INTO SALT FORMATIONS 


Abstract 


This paper summarizes research performed at The University of Texas on 
the storage of reactor fuel wastes in salt formations. few of the problems 
investigated include: (1) geological studies of salt domes, (2) structural 


stability, (3) permeability, (4) thermal heat effect, (5) creep, (6) stress 


distribution, (7) time effect, (8) chemical effect, (9) radiation effect, 
(10) cost of developing solution cavities, and (11) development of design 
principle for disposal into salt cavities. 

Theoretical analyses based on model tests and limited field studies 
have demonstrated that a salt cavity can be designed such that it is 
structurally stable. Although thermal factors and plastic properties 
of salt are very important considerations, sufficient evidence now 
exists which will permit the design of storage structures. 

The average cost to comp_ute an average sized cavity in a salt dome 


for 174 


for liquefied petroleum gas storage is $1.05 per barrel of storage space. 


Introduction 


Hundreds of millions of gallons of liquid petroleum products have 


been successfully stored in salt cavities by oil companies and the 
1,2, 


Ww 


petrochemical industry. Approximately 75 per cent of the tot 
storage of liquefied petroleum gas products has been in either salt 


si ‘ 4 
beds or salt domes ( 39.3 and 35.8 per cents, respectively). A large 


cavity in a salt deposit can be constructed with much less expense than 


any other type of storage tank. The present rate of expense for storage 
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mined 
mine 


. e #mun 
miieS square, 


radioactive 


Ie ne 


agepvuns 


ultimate disposal 


Intrusive masse: f salt are sly throughout the world. 
are found in North America, Columbia, Germany, Roumania, France, Poland, 
Spain, Iran, Arabia, Palestine, U.S.S.R., Morocco, Tunisia, and Algeria. In 


North America, salt domes are present in the United States and Mexico. Those 
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in the United States are found in Texas, Louisiana, Arkansas, Mississippi, 
Colorado, and Utah, eae ae 

The largest group of salt domes in the United States, of the 200 known 
groups, lies adjacent to the Gulf of Mexico in southeast Texas and southern 
Louisiana. There is also a small group of salt domes in south Texas near 

> Rio Grande. An interior belt of salt domes in the Gulf Coast region 
is located in eastern Texas, northern Louisiana, southern Arkansas, and 
Mississippi. The reader is referred to Fig. 2 for a more exact location of 
salt domes of the Gulf Coast Province. The salt of these structures 
believed to be of Permian and/or Jurassic (Louann) age. The position of 
this salt layer is shown in Figs. 3, 4, 5, 6, and 7. The relative thickness 
he Louann salt is seen in Fig. 6. The geologic units recognized in the 
Gulf Coast Province are graphically illustrated in Fig. 7. 

Several salt anticlines and salt domes are recognized in southeastern 
Utah and southwestern Colorado. The salt in these deposits is thought to 
be of Pennsylvanian age. In this region salt reaches the surface at several 


salt structures. 


Geology of Salt Domes 
Some Gulf Coast salt domes are expressed topographically as hills, which 


rise a few feet to 40 feet above the surrounding lowlands, and in exceptional 


instances, as much as 200 feet. These topographic highs may be a mile or 


more in diameter. Depressions above some of the salt domes may be occupied 


by lakes and/or swamps. 

The salt masses in the domes of the Gulf Coastal Plain, in plan view, 
are typically circular or broadly elliptical. Their average diameter is 
approximately 2 miles although they may range in diameter from 0.5 miles to 


4 miles or more. 
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Some of the salt masses are nearly cylindrical, but downward enlargement 
of diameter is common so that most of the domes have the form of a truncated 
In some cones the upper part of the salt overhangs on one or more sides 


in 


in a mushroom-like development. The upper surface of the salt in most domes 
is flat or slightly convex upward, but on a few domes irregular or even 
sharply pointed masses of salt project above the general level. The salt 
mass is sheathed by one or more layers of shale, gouge, or anhydrite, 
depending on the number of faults parallel to its surface. 

The strata above the salt of the deeper domes are arched upward and 
dip away from the center of the affected area, but beds which have been 
pierced by the salt are turned up sharply, and in some domes stand almost 
vertically against the salt. The structural closure on some horizons 
adjacent to the salt domes amounts to several thousands of feet. (If a 
formation is entirely enclosed by one or more elevation contours, it is 
known as a closed structure.) In general, the closure is greatest on 
deeper horizons and decreases upward so that no deformation is observed 
at the surface and near-surface strata over some deep domes. 

Normal faults are numerous in the strata above and adjacent to the 
salt mass, but thrust faults and reverse faults appear to be rare. Most 
of the salt plugs of the Gulf Coast have no faults, thus presenting a 


large, circular, unfractured section of salt. 


Although the salt of caprock of some salt domes occurs at or very 


near the surface, the tops of other domes lie at depths of many thousands 


of feet. 


37457 O—59—vol. 3 27 
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uplifts, however, salt has not been encountered even by very deep 


ical data indicate its presence at a great depth. 


depths of less than 4,000 feet are classed 


OOO and 10,000 feet as intermediate, and those 


referred to as deep. 


oan , atanme ¢ > MiP Crnoct+e Nos 52 
ageveloped along tne Guill COastar Plain, as seen 


through the overlying rocks for 


o> 4977 
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© si 
I the 
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sher up the regi 
Coast Province have a disk-like 
composed of anhydrite, 


comparatively minor 


found to be bo 


Deformation of Sal 


Under stress, halite crystals deform by slip on the six dodecahedral 


planes (110, Miller indices), in the direction (110). The least shearing 


stress that will cause permanent deformation of unconfined halite crystals 
9 
is 553 psi.~ The that dry, impure halite is stronger than 


dry, pure halite; th 2sed water increases its strength greatly; that 


previously strained s i t lg han unstrained salt; and that salt 
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FIGURE 8, Effects of plastic flow of salt on 4 inch by 
4 inch by 8 foot timber. The timber is loc- 
ated 400 feet southeast of main shaft, and 
has been in place about 10 years, 
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FIGURE 9. Typical failure resulting from plastic flow. 
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FIGURE 10, Shear folding caused by slip along planes 
dipping to the right in photo. Dark layers 
are anhydrite-rich salt. Height of face 
about 25 feet. 
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FIGURE 11. Nearly vertical parallel banding exposed on 
west wall of room. Light colored, nearly 
horizontal wavy streaks are caused by salt 
dust. Wall length about 50 feet. 





on 


INDUSTRIAL RADIOACTIVE WASTE DISPOSAL 2241 


at low temperatures is stronger than at high temperatures. Whether an 
aggregate of small halite crystals is stronger, as. strong, or weaker than 
a single crystal, does not yet seem to be anu” 

From the above, it is apparent that there is a rather clearly defined 
stress at which a given salt crystal will begin to flow at an appreciable 
rate. Below this stress the rate of strain is so slow, that it requires 
long-time tests to measure it. In this range, the flow is called creep.2? 
Creep in halite had not been tested extensively in the laboratory until 
recently, but a few observations have been made in salt mines. Figs. 8 and 


9 are examples of the effect of creep. 


Features of the Salt 

The most obvious feature of the salt seen at the Grand Saline salt 
dome in Texas is the layering caused by bands of salt which contain a higher 
concentratinn of small (0.1 mm) anhydrite crystals, as in Fig. 10. These 
crystals are separate entities surrounded by the salt. The fact that they 
absorb more light than the NaCl makes these anhydrite bands stand out as 
dark gray layers. The darker the layer, the higher the concentration of 
anhydrite. The darkest bands may contain as much as 15 percent anhydrite. 
These alternating bands of pure salt and anhydrite-rich salt are believed 
to be beds now deformed from their original horizontal depositional 
position, see Fig. 11. All interpretations of the structure of salt are 
based on this belief. Undeformed salt also shows layering of this type. 

This layering has been folded, and is very impressive when observed 
in the ceiling of the mine. The folds have been tipped on end by the 
upwelling of the salt into the dome, so that the walls show only the 


nearly vertical streaks and the contortions of the folds are seen best 
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in the ceilings. he map shows the position of the anhydrite-rich beds and 
demonstrates their intricate folding. When traced southwest from near the 
eastern boundary, the major folds become more attenuated and more compressed. 
The zig-zag pattern observed on the axial portions of the fold is more difficult 
to observe progressively southwest, but it appears to increase in amplitude. 

7; 4 


These zig-zags are shear folds caused by plastic failure of the salt along 


narrow closely-spaced bands. 


Thermal Considerations 

The storage of high-level radioactive wastes introduces a problem 
which is not encountered in the underground storage of petroleum praducts 
The energy released by the radioactive wastes in the form of ionizi 
radiation is converted into heat. Because of practical difficulties, it is 
unlikely that this heat generated as a result of radioactive decay will be 
removed from the cavity by an external sink. The thermal energy must be 
dissipated to the environment; consequently, the temperature within the 
cavity will rise above that of the surroundings. 

The underground storage of high-level wastes is inviting only if it 
provides containment both safe and economical. There are many aspects to 
be considered in satisfying the latter requirement. The fact that salt is 
more plastic at higher temperatures and that the waste is a source of energy 
is not in itself a reason for rejecting the idea of underground storag 
since this energy can be diluted. It is necessary, however, to know what 
the temperature rise might be within a cavity as a function of the possible 


parameters. 


The rate of heat generation of a radioactive waste is a function of 
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the specific power of the reactor in which the fission products were 
renerated, the time of irradiation in the reactor, and the time lapsed 
since discharged from the reactor. The heat generation per unit volume 
of waste is also a function of the concentration of fission products in 
the process effluent. The level of concentration is taken to be 800 
gallons of waste per ton of uranium processed in all calculations except 
where specially noted. 
Figures 12 and 13 demonstrate the magnitude of the temperature increase 
r a waste which was generated in a reactor operated at a power level of 
33 1/3 megawatts per ton of uranium and irradiated to a total of 3,300 
megawatt days per ton. This particular waste has been precooled 6 years 
rior to storage. Fig. le indicates the possible temperature rise within 
cavities of different radii as a function of time. Fig. 13 shows the 
spatial distribution of temperatures as a function of time 
Note that the parameter t as shown in Fig. 13 is a dimensionless 
time and the actual time for a particular eavity can be found by multiplying 
by the radius of the cavity squared and dividing by the thermal diffusivity. 
As was indicated above, it may be desirable to limit the temperature 
increase by diluting the waste material prior to storage. The dilution 
(volume of water per volume of waste) required to limit the temperature 


ric 


ise to less than 100° F or 200° F is given in Fig. 14 as a function of the 


Cul 


radius of the storage cavity. 


As a result of defining the temperature limits for a particular waste 


it is now possible to evaluate the structural problem. 
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BASIS: PILE POWER LEVEL 334 MW/TON 
IRRADIATION LEVEL 3,300 MWD/TON 
WASTE COOLED 6 YEARS PRIOR TO STORAGE 
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tructural Stability 

Although extensive experience has been acquired in the mining of salt, 
very little study has been made on the structural stability of salt cavities, 
particularly in the case of elevated temperatures. This is because salt 
cavities and tunnels at the present mining depth of a few thousand feet are 
strong enough without need for additional support. Hence, no need has arisen 
for structural investigation of a salt cavity. However, studies on the 
structural behavior of salt have been conducted by many investigators.+-"> 
Aside from these reports, most of the previous publications about salt have 
been geological surveys and tectonic explanations rather than structural 
studies. No reference has been found on stress analysis of salt cavity, or 
on the strength of salt structures. 

Elastic Stress Analyses 

Stress acting around a cavity opening in a solid medium is the principal 
cause of either plastic deformation or collapse of the cavity. Since stress 
is not a property, but a state of material, the stress around a cavity can be 
mathematically determined, regardless of the nature of the material of which 
the cavity is made. 

The theories of elasticity and photoelasticity can be applied to stress 
analysis of underground salt cavities within a certain depth, depending upon 
cavity geometry. For theoretical analysis of the elastic stress, it is 
reasonable to assume that salt formations (both salt domes and salt beds) are 
eneous and isotropic. The size of the salt formation is assumed to 
have infinite dimensions compared with the size of the cavity opening. 

Furthermore, any additional lateral pressure acting on the salt formation 


has been assumed to be static and less significant than the pressure due to 
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overburder ad at the depth of cavity opening. Im general, regions in 

which salt deposits tur are effectively at rest in terms of hundreds of years. 
,» the major stress ¢ ing in a salt formation to be considered is 

that due to the overburden load. However, if any additional lateral pressure 

is known to be acting on the salt formation, the stress distribution around 

the due this lateral pressure can be obtained by the same analysis 

as that of the overburden load, and then the one superimposed over the other, 

as illustrated in Fig. 15. 

The effect of dept f the overburden layer above a cavity opening upor 
the stress ncent n around t opening has attracted much from 
~ivil engineers because it is a most important structural problem in the 
-onstructi f tunnel openings. The maximum stress at ceiling, floor ¢& rib 
f a circular horizontal tunnel of infinite length is shown in Figs. 16 and l 
as a functior f the rati f overburden depth to opening diameter In the 
diagram, t stresse are € in terms of the stress concentratior 
actors, that is, the value f stress expressed by overburden pressure as a 
measuring unit. A plus sign of the factor indicates tensile stress and a minus 
sigr ates mpres re - It is apparent that the effect of the 
Xverburden depth on the stress concentration factor diminishes very rapid1) 
with an ir i lepth, and the overburden effect becomes insignificant 
at a depth of more than three times the diameter of the opening; beyond 
which the stress ncentration factor comes close to the constant value. 

A mparisor Q 4 three groups of different initial stress conditions 
indicates the stress condition of a formation is a controlling 
factor of the stress distribution around an opening at any depth. 
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FIG. 15 INITIAL STRESS CONDITIONS IN SALT FORMATION. 
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a depth less than the opening diameter, the stress concentration factor 


rapidly increases 





z and floor; and the cavity becomes very 
mstable. Thus, the larger the size of cavity the larger the depth of the 


verburden layer should be,in order to have the same stress concentration facto 


U LacCvUO 


There should be however, a depth at which stress becomes minimal because the 


er the cavity, the greater the overburden pressure, and the less the stress 
ncentration factor. Therefore, the depth should be a few times that of the 


»pening diameter. 


Initially Existing Stress in Salt Formations 


The initial stress naturally existing in any underground formation 





7 


before an opening is made is primarily determined by two factors: the 


»verburden load and the Poisson's ratio of the formation. 


7 


The relation between the principal stresses and the Poisson's ratio 


‘an be derived mathematically from the fundamental stress-strain f 


ain 
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three dimensions. The strains in an element in underground formation on 


Ga LiONn i 


hree mutually perpendicular directions (x, y, and z) can be described as: 
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the element due to the overburden load 


is possible in an underground formation, and the vertical stress is equal 


~ + swe rh EY land Pollanwinge ralati e ran he = S445 3 RK 
to the overburden load, the following relations can be substituted in Eq. 1: 
S = vertical stress = overburden load 
os . 1 ot ng) moO) > 
S = S = lateral pressure 
x y 
€ = z 0 
x y 





2 = ~ ‘y 
Therefore, this equation means that the vertical stress, S_, in an 
underground formation is always equal to its overburden pressure, and the 
lateral stresses, S' andS_., have greater values than zero and equal to 


or less than the overburden load, depending upon the Poisson's ratio of 


the formation. 


ct 


To determine the initially existin 


g stress distributions in salt, 


n 
Ee, 
ct 
a 


experimental application of the Poisson's ratio is necessary. Re 
of the laboratory experiments as well as calculations on seismic data 
value of the Poisson's ratio is approximately 0.5 at depths 


4 


of 300 feet or more, which makes the stress distribution in the salt 


Both mathematica. analysis of stress and experimental observation 
by photoelasticity have proven that, in an initially stressed medium, 
the extent of the influence of cavity creation upon stress distribution 
is directly proportional to the size of the opening. The maximum stress 
always appears on the boundary of the cavity in a tangential direction, 


the minimum stress appearing on the boundary in a radial direction. 
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However, the stresses are independent of the size of the cavity and 


constant at a certain depth of the cavity. 


Stress Concentration around Various Forms of Opening 

Maximum and minimum stresses and maximum shearing stress always appear 
on the boundary around a cavity opening; also, the magnitude of these 
critical stresses is determined by the geometry of the cavity opening. The 
distribution of critical stress around the boundary depends mainly upon two 
factors, the initial stress condition of the formation and the form of cavity 

As seen in Figs. 18 and 19, the high concentration of shearing stress, 
due to opening a cavity in salt, is limited to close proximity of the 
opening. There is no shearing stress when the internal pressure of a 


cavity, P,, is made equal to the overburden pressure of the salt formation, 


P° While the distance from the opening increases, the maximum shearing 
stress, ee decreases much faster in a spherical cavity than in the long 
cylindrical cavity. 

The problem of stress concentration around a number of openings created 
in close proximity has been solved by both mathematical and experimental 
methods; The latter being solved by using photoelasticity techniques. 


Thus, strees distribution around any form of cavity made in a salt 


formation can be determined provided the maximum shearing stress does not 


ct 


exceed the octahedral shearing strength of salt. 


Plastic Analyses 
If a salt cavity is to be used for storage disposal of reactor fuel 
wastes, plasticity of salt is probably thé most important influential 


factor in structural stability of the cavity. The concentrated stress 
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resulting from cre mn of reduced to a certain tolerable 
value by pl ic deformation of salt around the cavity. This plastic 


formation starts when the difference between the external and internal 


in . we } enl 
2xceeds a certain value yet the salt 





increasec 


fu 


pressure difference. It will } 


merely widen the plastic zone surrounding the cavity. Thermal stress 





produces a further extension of the plastic zone. 

From the analy on the ideal forms of a salt cavity, it is clear that \ 
the thickness of the plastic zone depends entirely on the structural loading 
factor, X, which is defined as: 

P - Pp, 
X = - 
oO 
e 
where P_ = overburden load of cavity 


P, = internal pressure of cavity 


+ 


Oo. = equivalent plastic limit of salt 
increas f the radius of the plastic zone, J , can be obtained as 
an exponential function of this factor X. The stress distribution in 


plastic and elastic zones around the cavities at various depths is shown 


n 


igs. 20 and 21. In conclusion of the plasticity analysis, a salt cavity 


can withstand unlimited structural loading by extending the size of 


. 


ts plastic 
zone, if the plastic zone can be extended to adjacent formations. However, the 


tructural loading is limited by the following restrictions: 


1. Reduction of the cavity volume due to thermal expansion of the 


the plastic zone due to the earth's 


surface. 
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VARIOUS DEPTHS. 
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3. Reduction of the cavity volume due to the relaxation of salt in 
the plastic zone. 

As analyzed in the following discussion, the reduction of the cavity 
volume due to the thermal expansion will be an actual limit to the use of 
the cavity for waste storage. 

Some observations in the Grand Saline Salt mine, Texas, seem to agree 
with the conclusion of this plasticity analysis. 

The effect of elevated temperature in the cavity upon the development 
of a plastic zone and the reduction of cavity space due to the thermal 


expansion and plastic flow of salt are analyzed in the following chapter. 


Thermal Stress 

Thermal stress is produced whenever a local temperature rise occurs 
in an underground formation. This thermal stress is produced around a 
salt cavity when the cavity temperature rises above the surrounding 
earth temperature. The cavity temperature rise occurs as the result of 
radioactive decay of the fission products in the stored waste. This 
thermal stress can be determined by calculating the temperature 
distribution around the cavity which is a function of the cavity geometry 
and the cavity temperature rise. 

Because of the extremely slow change in the rate of heat emission 
from the waste, the heat flowing from the cavity to the surrounding 
environment approaches a state of thermal equilibrium; therefore, the 
temperature at any point around the cavity at any time can be assumed 
to be a constant. 

Mathematical analysis of thermal stress distribution around a salt 


cavity with elevated temperature is easily obtainable only for very simple 
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geometrical configurations such as a sphere or cylinder with a long axial 


The actual thermal stress distribution around spherical and cylindrical 
salt cavities due to cavity temperature rise can be calculated by the use 
of the proper values of the three coefficients of salt; namely, Young's 
modulus, Poisson's ratio and the coefficient of linear expansion. 

In the test data reported herein, the Young's modulus of salt was 
found to be about 150,000 psi at room temperature and the Poisson's ratio 
of salt to be about 0.5. The coefficient of linear expansion of salt used 
: : . ar =O 428 
in these experiments was 22.4 x 10 “/F° at room temperature. 


By using these figures, the temperature and thermal stress distributions 


around the cavity were computed as shown in Figs. 22, 23, and 24. To use 


the diagrams, thermal stress can be determined by multiplying the temperature 
rise in the cavity with the unit thermal stress increase obtained from the 


diagrams. 
In practice, the calculated thermal stress should be superimposed 


on the stru al stress to obtain the overall stress distribution 


Q 
ct 
f 
s 
x 
is 
t 
‘ 
r 


+ 


around a salt cavity. Thus, a rational estimate of the stress distribution 


around a salt cavity can be made from a thermal and structural analysis of 


spherical and cylindrical cavities. 


Development of Structural Equilibrium Equations for Design Principle 
In order to design an underground salt cavity for the storage of reactor 


fuel waste, the relationship among cavity temperature rise, structural loading 


and cavity volume reduction must be established. By introducing both thermal 


— 
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stress and structural stress into the plasticity analysis, development of 

plastic zone around cavities of various temperatures is obtained as given 

in Fig. 25. As shown in this diagram, the greater the cavity temperature 

rise and the deeper the cavity depth, the greater the plastic zone. It is 
to be noted that the plastic zone will be greater in a cylindrical cavity 

than in a spherical cavity. 

The salt in the plastic zone will be subject to thermal expansion 
followed by plastic flow of the salt. This flow results in reduction of 
cavity volume. By relating the cavity volume reduction to the development 
of the plastic zone, the structural equilibrium equations for both spherical 
and cylindrical cavities are obtained as shown in Figs. 26 and27. This is 
the structural equilibrium condition which the cavities will attain as an 
ultimate stable condition. In these diagrams, structural equilibrium should 
occur some place between the maximum and the minimum closures, given by 
solid and dash lines, depending upon the creep velocity of the cavity. The 
reduction of the cavity volume due to the elevated temperature is one of the 


most important practical limitations upon the use of the salt cavity. In other 


PL CC 


words, the cavity may be used successfully for waste disposal if the cavity 


temperature rise is controlled. 


Strength of Salt 
The reaction of different materials to a given stress condition varies 
depending entirely upon their structural properties. The structural properties 
can usually be described sufficiently with a few fundamental coefficients such 


as Young's modulus, Poisson's ratio, and yielding stress. These coefficients 


are essential for any application of the results of the theoretical analysis. 
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FIG. 26 


; FACTOR OF STRUCTURAL LOADING 
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There are several ways to define the strength of a material. The maximum 


strength (or ultimate strength) has been the most popular way of describing 


the strength of a material. The maximum strength of salt was previously 


determined to be 2,300 psi with a standard deviation of 200 psi by statistical 


extrapolation. 

The determination of mechanical properties of a material is generally 
affected by the environmental conditions in which the material is found. 
The strength of salt is influenced by temperature and stress conditinns in 
which the salt occurs. At room temperature, salt is brittle and fractures 
under uniaxial compression. Salt becomes more ductile, however, and yields 


plastically under hig 





ductile salt can be analyzed by using the theories of octahedral shearing 


stress and the Mohr's envelope technique. However, neither can explain every 


case of brittle failure at ordinary temperature when there is little or no 
triaxial compression. 
The proper development of a "strength theory" of salt under various 


conditions was sought here because a salt cavity might be exposed to a 


wide range of temperature and stress conditions from the time of its creation 


until actual storage of radioactive wastes. The effect of triaxial compression 


on the strength of salt was studied by constructing Mohr's envelopes from 
various test data. The important effect of the mean principal stress was 
investigated by the confinement test and the cylindrical cavity test. All 
the experimental results were finally evaluated to determine the equivalent 


lastic limit (o in relation to the confining pressure. 
a S 


th temperature or triaxial compression. The strength of 
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num 


ry 
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Summary 


A summary of the findings regarding the strength of salt and the salt 
cavity are: 

ie The real cause of failure or creep of a salt cavity is not maximum 
stress, but mainly the difference between the maximum and minimum stress, 
acting on the cavity boundary. 

2. This stress difference is proportional to the maximum shearing 
stress, which is the direct cause of failure or creep of the salt cavity. 

3. When the maximum shearing stress reaches a critical point on the 
boundary of the cavity, the salt yields by plastic deformation rather than 
failing by brittle fracture. 

4, Salt can withstand shock loading without suffering structural damage. 

Se Mohr's theory of rupture cannot be applied to the strength of the 
salt under triaxial stress, because the theory does not consider the mean 
principal stress, which has a great influence upon the strength of salt. 

6. The theory of octahedral shearing strength cannot be directly applied 
to the strength of salt if the salt is not ductile. 

Te Both strength theories become applicable whenever temperature 
surpasses 500° F., or the mean of triaxial stresses exceeds 5,500 psi. 

8. If the internal pressure in the cavity can be controlled, a salt 
cavity can be created and kept stable at any depth. 

9. If the internal pressure of the cavity is atmospheric, the maximum 
depth at which no appreciable plastic flow occurs is determined by the form 
of the cavity and the ¢. value. This o, value is an equivalent of the 


plastic limit of salt, assuming that salt is ductile. 
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10. The ‘,. value can be experimentally determined by testing the 
creep closure of an ideal hollow cylinder confined by a steel cylinder. 

ll. Although no precise experimental determination of the e has 
been completed, the interpretation of the previous experimental results 
indicates that the ‘,. value should occur between 1,000 and 2,000 psi, at 
a temperature up to 770° F. 

12. At the elevated temperatures used in the uniaxial compression 


test, the o, value can be determined. 


Test Devices 

Two major test devices were constructed to study the structural 
properties of salt. The individual factors were first studied; then 
the comprehensive effects of those factors were correlated with the use 
of high pressure test devices. High pressure cells were developed so 
that tri-axial stress conditions could be created. If a standardized 
specimen is fitted tightly into the cells, the mean principal stress of 
1/2 ( Rae + a ) can be developed. Also, if the specimen is slightly 
smaller than the standardized size, the compression and extension effects 
can be studied. The device is shown in Fig. 28. 

In addition to this tri-axial compression capability, the high 
pressure cells are also useful in studying the effect of solutions and 
heat on the structural property of salt. A test specimen can be exposed 
to a solution in the cell by replacing the confining oil with any solution. 

For studying the effect of elevated temperatures, heat is supplied by a 


750 watt heating element attached to the cell. The temperature of the salt 


in the cell is measured by a thermocouple installed in the bottom plate. 





alt 
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Test devices for measuring actual mine closures consisted of iron 


plugs imbedded in the salt, aluminum measuring rods, and dial gages. 


There are many variables which will determine the total cost of 
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Economic Factors 


completing an underground storage project. 
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Basea upoa the theoretical analyses and experimental investigations, 


Land 

Roads and Fences 

Salt water disposal problems 
Depth of cavity 

Size of cavity 

Nature of overlying material 
Troubles encountered 
Drilling rates 

Availability of wash water 
Pump costs 

Work-over unit costs 

Casing program and cementing costs 
Surface connections 

Staking location 

Drilling mud 

Logging 


Sonar check of exact cavity shape and size 
Cleaning up the location and location damages 


Other miscellaneous items. 


CONCLUSION 


the following conclusions have been reached: 


Structural Equilibrium 


1. 


because a properly designed cavity establishes an ultimate structural 


The disposal of reactor fuel wastes into a salt cavity is possible 


equilibriun. 


These include: 





rel 


tem 


pre 


The 
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2. The ultimate strucutral equilibrium can be determined by the 


relationships found to exist among four major variables: the cavity 
temperature rise, the overburden pressure of the cavity, the internal 
pressure of the cavity, and the ultimate reduction of the cavity volume. 
Therefore, the cavity design should be restricted by the following 
relationships among the variables: 


for a spherical cavity: 


P, - P; 2e(1 - 2 
eens = 
e in a f +1 + 3 
2 @ke a a To 

353 G@ (lw 9a T, +2(1- 


for a cylindrical cavity: 





1-F «= 3 aT, (Ae 1.072) 
. B 
where A = 0.928 - 5.8 
2 (P, - Py ) QE T, 2 
—j>—— + 0.928 ~“G5T1 =) ‘ti wae 
B = REE ERENT 
0.072 + ~ 
‘ aE?) V3 
) 
P_ = overburden pressure of the cavity 


P, = internal pressure of the cavity 


# 


Q 
I 


equivalent plastic limit of salt 


° 


ble 
# «= ratio of reduced cavity volume to original one 


= Poisson's ratio of salt 


Q@Q = coefficient of linear expansion of salt 
T, = cavity temperature rise above ambient temperature 
E = Young's modulus of salt 


10 «@ LENGTH OF CYLINDER 
RADIUS OF CYLINDER ™ 
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3. Ultimate structural equilibrium occurs because a plastic zone may 
develop around the cavity. This plastic zone may possibly extend to con- 
tiguous formations. The radius of the plastic zone, 4, can be calculated 


from the following equations: 


for a spherical cavity: 


Asn 2in 4 
do a 


for a cylindrical cavity: 


2 a QE T 
° i oak i c In#-ina 
cuasameenenmnmunasenae =a en 0.928 Pa en ET. 
Go 3 2 Sy (1-» ) ( 6.91 ) 


where a = radius of the cavity (spherical or cylindrical) 


LENGTH OF CYLINDER 
10 < iprus OF CYLINDER ~ <— 


4. The reduction of cavity volume imposes a practical limitation upon 
the depth of the cavity and the permissible temperature rise in the cavity. 
This reduction in volume is mainly caused by thermal expansion rather than 
structural expansion of the salt in the plastic zone. 

5. The ultimate structural equilibrium of an irregularly shaped cavity 
can be approximated by comparisons with ideal spherical and cylindrical cavi- 
ties. A cavity of irregular form would probably be as stable as a cavity of 
ideal form, since minor irregularities will not produce higher stress concen- 


tration because of the plastic nature of salt. 


6. In general, salt cavity storage becomes impractical when the cavity 


temperature exceeds 500°F. The temperature rise in the cavity is restricted 
by two factors: One is the reduction of the cavity volume due to the thermal 
expansion of salt; the other is the increase of the waste vapor pressure 


beyond the overburden pressure. 
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7. The loading condition of a salt cavity is best described by the 


term "factor of structural loading” which is defined as: 


factor of structural loading 

overburden pressure of the cavity 

internal pressure of the cavity 

equivalent plastic limit of salt 
The structural load on the cavity is minimized if the internal pressure is 
equal to the overburden pressure. The cavity can be fractured if the 
internal pressure exceeds the overburden pressure. 

8. The elastic theory can be applied for stress analysis around a 
salt cavity when the octahedral shearing stress around the cavity is less 
than its maximum value for salt. 

9. The theory of plasticity must be introduced into the analysis 
whenever the stress around the cavity exceeds the maximum octahedral 
shearing stress of salt. 

10. Increased temperatures not enly create thermal stress but also 
extend the plastic zone around the cavity. 


ll. Stress concentration around the cavity is independent of the size 


of the cavity. However, the extent of the stress concentration away from 


the boundary is proportional to the size of the opening. 
12. If no plastic zone develops, the geometry of a cavity determines 
the stress concentration around the boundary where critical stress and 


maximum shearing stress always occur. 
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13. Generally, the depth of the cavity determines the overburden 
pressure on the cavity; therefore, the shallower the depth, the less the 
external load. However, the thickness of the overburden layer above the 
cavity should be at least 3 times the cavity diameter. 

14. The experimental results of creep measurement in the Grand Saline 
salt mine agree with the theoretical analysis. The empirical creep equation 
developed for the mine opening indicates that creep in the mine, at the depth 
of 700 ft., will practically disappear within a decade after the creation of 
the opening; and that the total amount of the closure resulting from creep 


will not exceed several percent of the opening diameter or height. 


Young's modulus 0.142 x 10° psi 


with the standard deviation 0.03 x 10° psi 
Poisson's ratio 
with the compressive stress up to 300 psi 0.25 - 0.5 
with the compressive stress over 300 psi 0.5 
The wide variation in the previously reported figures regarding the 
fundamental properties of salt is probably due to the varied testing 
procedures used by previous investigators, besides some difference in the 
Properties of the tested salt. 
2. The stress condition in a salt formation becomes hydrostatic at a 
depth approximately below 300 ft. 
3. Salt specimens described herein are structurally isotropic and 


homogeneous regardless of their previous experience in stress and strain. 





n 


th 


f 
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4. The total creep of salt consists of instantaneous, transient, and 
— state creeps and can be formulated with respect to time: 
fo =@+BPlogt+rt 
where Ey = total creep 


Q -s» instantaneous creep 


B 


the coefficient of transient creep 


Y 


the coefficient of steady state creep 

5. Heat has the most significant effect upon the structural property of 
salt. The creep rate of salt is increased 75 times with temperature increase 
of 80° F to 770 ° F. This means that a salt cavity reaches its ultimate 
structural equilibrium much faster if the cavity temperature is elevated. The 
equivalent plastic limit of salt is reduced to 1,000 psi with temperature 
increase of 80° F to 500° F; thereafter, the equivalent plastic limit remains 
nearly constant at around 1,000 psi while the temperature approaches the 
melting point of salt. Heat affects Young's modulus and the coefficient of 
linear expansion of salt very slightly. 

6. Gamma irradiaticn of salt up to 20 x 10° rep has no effect upon the 
fundamental structural properties of salt. However, the irradiated salt 
exhibits a slight reduction in the rate of transient creep. 

7. ‘The maximum strength of salt is not affected by its submersion for 
periods of one month in light mineral oil, reactor fuel waste substitute 
(nitrate waste), and saturated salt water. 

8. Salt submerged in saturated water exhibited some increase in creep 
although no similar effect was found in salt submerged in the reactor fuel 


waste substitute. 
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Representative Hotirretp. We will ask Mr. R. E. Tomlinson, of 
Hanford, to come to the table. 

Mr. Tomlinson is from Hanford working for General Electric and 
will also give us some testimony on high-level waste disposal. 


STATEMENT OF R. E. TOMLINSON,’ MANAGER, ADVANCE PROCESS 
DEVELOPMENT CHEMICAL PROCESSING DEPARTMENT 


Mr. Tomutnson. Thank you, Mr. Chairman. 
My name is R. E. Tomlinson; I am employed by the General Elec- 
tric Co. at the Hanford atomic products operation in Richland, Wash., 


as manager of advance process development in the chemical process- 
ing department. 

I have been asked to comment on the removal of specific radioiso- 
topes from the chemical wastes of the reactor fuels IF eheageene. opera- 
tions as such removal might affect the disposal of these wastes. 

The aqueous chemical wastes from the reprocessing of irradiated 
fuels are composed primarily of nonradioactive materials. In the 
high-level wastes produced in the past, for example, each pound of 
fission products has been associated with about 1,000 to 10,000 pounds 
of inactive salts, excluding the water which is used to facilitate the 
movement of the wastes and to aid in the dissipation of the heat of 
radioactive decay. If the radioisotopes requiring containment could 
be quantitatively removed for separate containment, the remaining 
materials might be treated as normal industrial wastes. 

It would appear, then, that a cheap method of isolating the isotopes 
of concern would permit cheaper waste disposal methods, improved 
certainty of containment, or both. This possibility has been under 
study at many AEC sites for several years. 

Let us consider the specific fission products of concern. Table 1, 
included as an attachment to this testimony, presents the approximate 
concentrations and half lives of the significant fission products to be 
found in the chemical waste from the reprocessing of a typical irradi- 
ated fuel. The assumed conditions of irradiation and reprocessing 


7Place of birth: Cumberland County, N.J. Date of birth: Feb. 3, 1917. 
Marital status: Married. Number of dependents: 4. 
Education: Salem College, Salem, W. Va. B.S. chemistry, mathematics, 1938. 
Technical adviser, U.S. delegation, Peaceful Uses of Atomic Energy, Geneva, 1955. 
Work history : 
veal ual Laboratory assistant, operator, dye works, E. I. du Pont Co., Deep- 
water, N.J. 
1941: Supervisor trainee, TNT, E. I. du Pont Co., Millington, Tenn. 
1941 to 1944: Foreman, Kankakee ordnance works, E. I. du Pont Co., Joliet, Ill. 
1944: Supervisor trainee, Clinton Laboratories, B. I. du Pont Co., Oak Ridge, Tenn. 
eu." to 1945: Construction checking, Hanford works, E. I. du Pont Co., Richland, 
ash. 


a Shift supervisor, TNT, Oklahoma ordnance works, E. I. du Pont Co., Pryor, 
a 


1945 to 1946: Foreman, Azo Analytical Laboratory, Chambers works, E. I. du Pont 
Co., Deepwater, N.J. 


og to 1948: Chemical engineer, technical section, General Electric Co., Richland, 


ash. 
1948 to 1951: Chemical engineer, design and construction section, General Electric 
Co., Richland, Wash. 


1951 to 1953: Supervisor, production planning, technical section, General Electric 
Co., Richland, Wash. 


1953 to 1954: Head, hot semiworks, technical section, General Electric Co., Rich- 
land, Wash. 


1954 to 1956: Head, process planning, technical section, General Electric Co., Rich- 
land, Wash. 


1956 to present: Manager, advance process development, chemical processing 


department (currently acting manager, production, chemical processing department), 
General Electric Co., Richland, Wash. 


Professional societies: Member, American Institute of Chemical Engineering. 
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are significant only to the extent that they represent possible condi- 
tions. Of the 15 nuclides listed in table 1, all but 6 decay to innocu- 
ous levels within the first 6 years. These six are listed on table 2 
which has been prepared in the form of a chart. During the 6 years’ 
storage period, the rate of heat generation from radioactive deca 

also decreases about tenfold from the rate associated with the irradi- 
ated fuel after, say, 90 days cooling. The process and engineering 
problems involved in waste treatment operations are thus greatly 
simplified by merely waiting a few years. It is, therefore, probable 
that the high-level wastes will be stored for a few years prior to any 
efforts to process them for improved certainty of long-term contain- 
ment. More than a thousand years would be required, however, for 


all of the fission products to decay to levels considered safe for drink- 
ing purposes. 


TABLE 1.—Comparative amount of fission products in waste from the reprocessing 
of irradiated fuels 














Ratio of con- 
Concentra- MPC? Years decay | centration to 
Nuclide tion! /ye/ec | T 4% years | /uc/cc of H,O0 to reach MPC after 
MPC 6 years decay 
ee ee eee actate 1, 6x10 0. 148 7x10-5 gy are ee 
Bae So Di nln heii pate baie 2. 3x10¢ 28 8x10-7 1, 000 2x1010 
eo dete sass dusewedgucsadtbes 2. 3x105 0. 159 3x10-4 Cal dnncenancucunees 
gg ee Cee es ee en 2. 7x105 0. 178 6x10-4 4 ges eee 
ES agli dn dudiss +eha dant acons 8. 5x10¢ 0. 110 9x10-+ | Se 
BP nadwenccnan nah ae aaaen 7. 2x104 1.0 1x10-4 30 1x10? 
te dihin sco daly aathee odanneg ig 3. 1x108 0. 090 2x10-4 i Bantcaddiemenen 
Cs!3? 2x104 30 2x10-3 700 8x 106 
Be ens anche he bw baede 5. 2x108 0. 035 3x10-4 Cee wists ckcces 
Cel@t___.. 9x10 0. 088 4x10-! UTE ic atethguctiaielte 
OMe da cae Uk Bes acetates 5. 5x108 0. 038 5x10-4 SW Pisscedetidnoans 
Net le es canines eae 6. 9x105 0. 780 1x10-¢ 26 3x10’ 
DEG bankicumiamacunts ohdacnetiek 1. 6x108 0. 032 6x10-+ tg ee eae 
Osh... nk ch sam been oodukeetee 9x10 2.6 2x10-3 66 9x10¢ 
ee chbeansbahnesskes hectonsa 5. 6x10? 80 8x10-3 1, 300 7x104 


1 Assumes the fission products from 1 ton of irradiated (2,500 MWD/T at 5 MW/T) uranium (1.2 percent 
U5 before irradiation) are segregated in 100 gallons of waste 90 days after reactor discharge. 

? The maximum permissible concentration (MPC) for each nuclide in potable water is given for each 

arent in equilibrium with its radioactive daughters. These values were taken from HW-25457, Rev. 1, 

{anual of Radiation Protection Standards, Hanford Atomic Products Operation, May 1, 1957. 


TABLE 2.—Long-lived fission products in high level wastes 





Years required to | Number of times 
Isotope decay to MPC above MPC 6 
for drinking water years’ storage 





1,000 20, 000, 000, 000 
Ruthenium 106 30 0, 000, 000 
Promethium 147 66 9, 000, 000 
Cesium 137 700 8, 000, 000 
Cerium 144 26 3, 000, 000 
GE BOOS din cd seid dein ccdtdlchadibedeedestubuntaackiumenae 1, 300 70, 000 





= fission product isotopes in this hypothetical waste would decay to below the M PC in less than 6 
years. 


Five of the six isotopes requiring long-term containment have 
potential value to industry. Uses are being actively developed for 
strontium 90, ruthenium 106, cesium 137, cerium 144, and promethium 
147, and processes are being developed for their recovery. A pilot 
plant is now in operation at Oak Ridge recovering some of these iso- 
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topes. This aspect of the picture will be discussed by other witnesses 
later. , 1) a 

The recovery of specific isotopes for beneficial use is a quite differ- 
ent problem from that of removing them to facilitate waste disposal. 
For a recovery process, a yield of 90 percent might be quite satisfac- 
tory, since the primary goal would be the isolation of selected isotopes 
at low cost. If the goal were to permit the residue to be treated as a 
conventional industrial waste, however, essentially complete removal 
would be required for all of the elements of concern. For these pur- 
poses, any plutonium or other transuranic elements present must also 
be removed with comparable efficiency. Microscopic “losses” ranging 
as low as 1 part per 20 billion would have to be simultaneously 
achieved for them any elements of widely different chemical charac- 
teristics. Achieving this simultaneous high recovery of such chemi- 
cally diverse products is without precedent in the chemical industry. 

Several processes are being developed which are theoretically capa- 
ble of obtaining the indicated removal of individual isotopes. For 
example, cesium can be adsorbed on phenolic resins (7), or it can be 
extracted into organic solvents by association with extractable heavy 
metal complexes (8) ; strontium can be removed by solvent extraction 
using di-2-ethyl hexyl phosphoric acid as the solvent (9) ; plutonium 
can be removed by solvent extraction using tributyl phosphate or 
tri-n-lauryl amine (10) as the solvent, or it can be removed by ion 
exchange (11): any of the elements can be removed by foam separa- 
tion after addition of selected surface active agents (12). Much addi- 
tional development would be required before any of these processes 
could be relied upon to give the required yields on a production basis. 

Let us assume that processes can be developed for the near quan- 
titative removal of all of the ions of concern. The combination of 
required processing steps would almost certainly involve many 
sequential operations requiring close operational control in an ex- 
tremely high radiation field. The complexity of the process and en- 
gineering problems are such that the waste treatment facilities would 
probably be as expensive to construct and operate as the fuel reprocess- 
ing plant itself. 

For those fuels which contain little or no nonfissionable materials 
(such as aluminum or zirconium), the reprocessing can be modified 
such that most of the advantages of isotope removal from the waste 
san be realized by simple means. This approach consists of tailoring 
the separations processes to minimize the quantities of inactive salts 
in the chemical wastes. For example, we are learning how to recover 
fissionable fuel materials without dissolving the iodine materials, 
to minimize the use of process reagents by recycling waste streams 
within the process, to use process reagents that sabe subsequently 


removed as gases, and to minimize the corrosion of the process 
equipment. We hope by these means to decrease the quantity of 
inactive salts in the chemical wastes such that each pound of fission 
product is associated with perhaps 20 pounds of inactive salts. After 
a few years of interim storage, the total wastes might then be cal- 
cined to a glassy solid for increased certainty of long-term contain- 
ment at reasonable cost while avoiding the intrinsically expensive 
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operation of removing radioactive materials in a near quantitative 
manner. 

In my opinion, efforts to remove specific isotopes from the chemical 
wastes now being produced should therefore be directed toward, 
and justified by, the recovery of the isotopes for beneficial use. Such 
recovery would reduce the problem of heat dissipation in the resid- 
ual wastes, but would have little effect on the overall cost of waste 
containment. 


(References submitted by Mr. Tomlinson follow :) 
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Representative Hortrtetp. Are there any questions ? 

Chairman DurHam. From your statement, Doctor, it is very evident 
that it will take a thousand years to clear up a stream in case it got 
contaminated. It is very important that we do not get it mixed up 


with our water supply to the point where that will become a tremendous 
problem. 


Mr. Tomurnson. That is correct. 

Chairman DurHam. A person might not want to wait a thousand 
years to get a drink of water. 

Representative Hortrretp. Thank you very much, Mr. Tomlinson. 

(Additional papers submitted for the record follow :) 
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ABSTRACT 


Ion exchange, electrolysis, solvent extraction, scavenging and 
precipitation have been studied as methods for removing radioactive 
isotopes from high level wastes. Process development has been limited 
to laboratory research and small scale engineering tests so that the 
efficiency of these methods in large scale operations is unkn ° 
Emphasis has been placed on removal of strontium” and cesium which 
are the most biologically hazardous of the long lived radioisotopes. 


Continuous processing of the supernate from neutralized, sodium 
nitrate or aluminum bearing wastes by ion exchange appears particularly 
promising. Cesium and strontium have been removed by factors greater 
than 109 and 103, respectively. Since about 99% of the strontium remains 
in the Serena et waste sludge, the over-all removal for strontium was 
greater than 10’. These demonstrated purifications would reduce present 
Oak Ridge National Laboratory wastes to a factor of 100 above drinking 
water tolerance for strontium and a factor of 10 lower than tolerance 
for cesium. In these tests, the wastes were reduced to background levels 
of radioactivity and consequently, higher decontamination factors are 
expected when higher levels of waste are processed. Similar results are 
expected to pan neve’ BRS the other toate long lived isotopes, 
plutoni » curi » and americi based on their known 
solubilities in alkaline solutions, and ion exchange characteristics. 
Removal factors of greater than 10+ for strontium and cesium are predicted 
in the treatment of acidic aluminum wastes by the Diban-Ion Exchange 
process following a scavenging-precipitation step. This process is con- 
sidered less efficient than the neutralized treatment method since it 
presents more difficult engineering problems. 


Ruthenium) is not removed by ion exchange but can be removed 


by electrodeposition by factors greater than 200 which is sufficient 

to reduce the ruthenium concentration to below drinking water tolerance 
for neutralized high level wastes. Nitrate is eliminated by decomposition 
in the same cell. 


Research studies on a number of organophosphorus acids has shown 
that di-2-ethylhexylphosphoric acid (D2EHP) may be particularly effective 
for the selective extraction of strontium from neutralized wastes. A 
strontium distribution coefficient, Eg(sr), of 200 and a separation factor 
of strontium from sodium of 2000 was determined between 0.1 M Na(D2EHP) 
in Amsco modified with 5% tributyl phosphate and 0.5 M sodium nitrate 
solution at pH 5. Tributyl phosphate is of only limited interest since 
it can be used to extract the rare earths, ruthenium, zirconium, and 
niobium but does not extract cesium or strontium. 
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INTRODUCTION 


Removal of the long lived fission products from high level radio- 
active wastes will permit disposal of the remaining highly salted waste 
by conventional industrial methods. In many cases the decontaminated 
wastes can be disposed directly to the ground, streams or to the ocean 
without further treatment. The recovered isotopes will be safely isolated 
in small stainless steel containers for storage or for use by industry 
as radiation sources. Since many fission products have short half-lives, 
it is practical to allow them to disappear by decay before processing is 
undertaken. Calculations? have shown that after 5 years of decay, the 
most hazardous isotopes remaining are strontium” ; cesium 3 enericiun@"2, 
plutonium?39»240 » and curiun , In water, strontium” 137 
are about 3000 times and 10 times more hazardous, respectively, than 
the third most hazardous isotope, emericiun="?, Decontamination factors 
of 10! and 107 (99.9999999% remeval) are required to reduce the strontium” 
content of Oak Ridge National Laboratory (ORNL) intermediate and high 
level wastes to the maximum permissible concentration (MPC, ) permitted 


for drinking water. 


and cesium 


Some of the treatment methods under development are designed to 
remove all of the hazardous long lived isotopes by a single technique 
to achieve a cheap bulk treatment process, whereas other methods selectively 
remove a single isotope. But in general, development work has concentrated 
on methods for the removal of cesium !3/ and strontium” because of their 
more hazardous nature. The mixture of isotopes produced from the bulk 
treatment methods could be used for irradiation work, stored, or processed 
further to produce pure isotopes for specific uses. Methods studied at 


ORNL include ion exchange, precipitation, scavenging, and solvent extraction. 


In most cases, these methods are in the development stage and have not been 
evaluated in pilot plants on actual waste streams involving large amounts 
of radioactivity. Consequently, their true efficiency is unknown. The 
single exception is the Multicurie Fission Product Pilot Plant”’3 which 
produces isotopes from highly radioactive waste streams. The principal 
processing methods used in this plant are scavenging and crystallization 
although all of the other methods are employed to some extent for specific 
applications. 
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CONCEPT OF A MULTIPURPOSE WASTE PROCESSING FACILITY 


In presenting methods for isotope recovery and waste treatment, 
it is important to empnasize the source of the wastes since in many cases 
their previous history governs the choice of a treatment method. 
Figures la and lb show the possible routes that wastes may take 
considering both actual practice and proposed treatment methods. The 
heavy lines indicate the preferred paths, based on presently available 
information and on work under develepment. 


The first step is evaporation to recover the excess acid present 
in the wastes from the nuclear fuel reprocessing plants. The wastes 
from the Hanford, Savannah River and Oak Ridge National Laboratory 
installations, which cummlatively represent over 90% by volume of 
the wastes, are then neutralized with excess caustic and stored in 
mild steel or concrete tanks. The single exception is the Idaho Chemical 
Processing Plant which stores acid wastes in stainless steel tanks. On 
neutralization, iron and other hydrous oxides precipitate and carry down 
the colloidal fission products ruthenium, zirconium and niobium. In 
addition, most of the other fission products such as the rare earths, 
strontium, zirconium, niobium, ruthenium, and plutonium are insoluble 
in alkaline, carbonate and sulfate-bearing solutions and are precipitated 
in the sludge. Most of the non-radioactive bulk chemicals remain dis- 
solved in the alkaline supernatant solution as sodium salts of nitrate, 
aluminate, sulfate, fluoride and hydroxide. The supernatant solutions 
also contain approximately 100% of the cesium, 10% of the ruthenium, 
and 0.1-1% of the strontium, rare earths and transuranics although these 
percentages can probably be reduced by adding precipitating or scavenging 
agents such as alum, ferrocyanide, sulfide or phosphate in connection with 
the neutralization step. This is the extent of large scale waste processing 
at the present time. 


The decontamination factors required to reduce present neutralized 
ORNL waste supernates to drinking water tolerance are shown in Table l. 
It may be seen that factors of 10? ’ 10" » and 5.7 are required for strontium, 
cesium and ruthenium, respectively. Decontamination factors about 100 times 
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higher will be required for power reactor wastes. Decontamination 
methods under development are described in the following sections. 
They propose, 1) removal of the fission products from the supernate 
from neutralized wastes by continuous ion exchange and electrolysis 
(Figure la), or 2) from acid wastes by solvent extraction as shown by 
alternate II-Figure lb. Alternate I-Figure lb, precipitation and 
scavenging, is representative of methods employed in the Multicurie 
Fission Product Plant and is described elsewhere.-’> The removal, 
processing, packaging and disposal of the sludge from the neutralized 
4 


waste is also described elsewhere. 


ION EXCHANGE 


Ion exchange has been studied for many years as a waste treatment 
method but its use has generally been confined to treating low salt bearing 
streams such as reactor cooling water and dilute laboratory wastes. In 
these cases, ion exchange is very efficient since there is little inert 
salt present to compete with the fission products for sites on the ion 
exchange resin. Conversely, the high level wastes contain high concen- 


trations of sodium, aluminum, or nitric acid. 


Ion exchange has shown increasing promise, however, as a method for 
treating high level wastes for two reasons; 1) the successful development 


of a truly countercurrent continuous contactor? *© 


which greatly increases 
the engineering efficiency of the method; and 2) the remarkable affinity 
of essentially all the fission products of interest for phenolic cation 

exchange resins in alkaline solutions. This is particularly significant 


in the case of strontium and cesium which are difficult to extract by other 


methods. Thus ion exchange can potentially be used as a bulk treatment 
method to remove all biologically hazardous elements. As outlined in the 


succeeding sections, the treatment of neutralized waste supernates by ion 
exchange represents a promising approach which has been demonstrated in 
small scale engineering equipment. Since approximately 99% of the strontium 
remains in the waste tanks in the sludge formed on neutralization, a 
decontamination factor of greater than 103 in the ion exchange step would 
produce an over-all decontamination factor of greater than 10? for strontium. 
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These decontamination factors would reduce the strontium content of 

the solution to approximately drinking water tolerance in many applications 
and to 100 times this tolerance for present ORNL wastes. Decontamination 
factors greater than 10? have been demonstrated for cesium which would 
reduce the activity of present ORNL wastes to a factor of 10 lower than 
drinking water tolerance. 


Of the major radioactivities, only the relatively short lived rutheniun, 
half life 1.0 yr, is not removed (see Electrolysis in next section). Further 
large scale tests are required to define the ultimate efficiency of the 
method for removal of all the major biological hazardous isotopes. Larger 
decontamination factors are expected when higher level wastes are tested. 


The Diban-Ion Exchange method for treating acidic aluminum-bearing 
wastes, is less highly developed so that its efficiency is difficult to 
estimate. Based on the limited data available, the process shows some 
promise for treating aluminum wastes but little promise for treating wastes 
with high sodium concentrations. 


Alkaline Wastes. Ion exchange removal of long lived isotopes from 
alkaline wastes is attractive in that phenolic cation exchange resins 
have high distribution coefficients (i.e., one volume of resin can treat 
many volumes of solution) for cesium, strontium, rare earths and transuranics 
in such solutions, and the isotopes can be removed from the resin easily 
with acid. Thus such a treatment is a potential means of decontaminating 
the bulk alkaline chemical wastes (except for ruthenium) so that they can 
be discharged to the environment. 


Miller and Kline ! found that cesium is selectively sorbed by phenolic 
cation exchange groups in the presence of high concentrations of sodium salts 
in alkaline solutions. Watson and Bren” and Heal and Crouch? developed a 
method for cesium recovery from alkaline solutions containing two to four 
molar sodium using Duolite C-3, a commercially available resin containing 
both phenolic and methylene-sulfonic groups. Barney~° also found a high 
degree of cesium removal from alkaline waste solutions by Duolite C-3, 

i.e., volumetric distribution coefficients for tracer levels of cesium 
greater than 100 in a sodium nitrate-aluminate-hydroxide solution containing 


4.2 M sodium. Gooda11+ found that phenolic methylene-sulfonic resins 
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removed cesium from synthetic aluminum bearing Hanford Redox neutralized 
wastes with a distribution coefficient greater than 50. 


Higgins and Messing found cesium distribution coefficients of 
greater than 100 on Duolite C-3 from a variety of synthetic alkaline 


waste solutions for trace levels of cesium, with the distribution 


1) ACen e 


coefficient dropping to about 50 for cesium concentrations of one gram 
per liter. Sodium distribution coefficients were approximately unity, 
so that the cesium-sodium separation factors were approximately equal 
to the distribution coefficient, i.e., 50 to greater than 100. Trace 
amounts of strontium and rare earths had distribution coefficients as 
high or higher than cesium. Distribution coefficients for transuranics 
were not measured but, judging from their chemistry, should behave like 
the rare earths. In 3 M HCl regenerant solution, the distribution co- 
efficients are approximately 0.8 for sodium, 2 for strontium and rare 
earths, and 5.5 for cesium. Thus the resin is readily regenerated and 
further separation of cesium from strontium and rare earths and of all 
of these isotopes from sodium is obtained. Suifuric acid can also be 
used for regeneration, but not nitric acid since it reacts with the 


resin. 


Higgins and Messing further demonstrated, on a small engineering 
scale, a continuous ion exchange process for removing the cesium, strontium, 
and other fission products from alkaline wastes and recovering the cesium 
for use as a radiation source. They presented a flowsheet, conceptual 
plant design, and approximate cost estimate for doing this on a large scale 
using 22,000 curies per day from waste containing one curie of cesium per 
gallon as a design basis. Using this work as a basis, a flowsheet has been 
proposed for processing ORNL wastes (Fig. 2). 


Higgins and Messing demonstrated waste decontamination factors of 


greater than 10" for cesium and greater than 103 for strontium and rare 


earths. These wastes were reduced to background counting levels, hence 

the true decontamination factors may have been mich higher. From what is 
known about distribution coefficients and theoretical stage heights there 
is no reason to believe that any desired decontamination factor cannot be 
achieved. The cesium to sodium ratio in the cesium product was approximatel) 
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2000 times that in the waste feed. This degree of separation is adequate 
for waste treatment. Better separation could be achieved by using a 
larger ion exchange contactor with more separation stages. 


Further work on ion exchange treatment is being done at Savannah 
River by Tober, et al., who are working with Duolite C-10, a more porous, 
faster reacting form of Duolite C-3, as applied to Savannah River wastes. 
Continuing work at ORNL is being done on Duolite S-30, which contains 
phenolic groups but no methylene-sulfonic groups, as applied to ORNL wastes, 
Work is concentrated on demonstrating the ion exchange step on actual ORNL 
wastes using a one-inch diameter continuous ion exchange contactor. Batch 
ion exchange studies with Duolite S-30, have demonstrated cesium and barium 
decontamination factors of greater than 10°, The advantages of Duolite S-3 
are ; 1) a lower capacity for sodium and consequently a better separation 
of cesium from sodium; and 2) it requires less acid for regeneration, thus 
giving higher concentration factors and lower chemical costs. Both of these 
advantages are due to the absence of the sulfonic groups. A possible dis- 
advantage is that the S-30 resin may not have distribution coefficients for 
strontium, rare earths and transuranics as large as the C-3 resin at high 
sodium concentrations. This is not a problem with ORNL wastes as they are 
relatively dilute and contain less than 1 M sodiun. 


It is estimated that a six-inch diameter, twenty-foot high continuous 
ion exchange contactor could process all of the approximately 7000 gallons 


per day of ORNL wastes that are being discharged to the seepage pits (Fig. 2), 


It is expected that the cationic fission product would be reduced to MPC 
levels and would be concentrated in volume by a factor of 100. The product 
solution containing the fission products could be further reduced in volume 
by evaporation to dryness or processed further to produce pure isotopes. 
This step would leave ruthenium as the only fission product discharged at 
greater than MPC levels. The ruthenium can be removed by electrolysis if 
desired (see section on Electrolysis). A capital cost of approximately 
$750,000 has been estimated by Blomeke and Stockdale?3 for a plant to 
accomplish decontamination of ORNL wastes by this flowsheet. Most of this 
cost is in the building, designed for much higher levels of radioactivity 
than present ORNL wastes would justify on the assumption that it would be 
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desirable to be able to process higher level wastes in the future. 


Acid Wastes. In early work Blanco, Higgins and Kipbey?* showed that 


fission products could be successfully removed from acidic wastes containing 
a large amount of inert salt, i.e., 1.0 M AL(NO3)3, using cation exchange. 

The colloidal ruthenium, zirconium and niobium fission products were re- 

moved by a scavenging precipitation with hydrous iron and manganese oxides. 
The aluminum and fission products were then sorbed on Dowex 50 resin, the 
aluminum selectively eluted with oxalic acid, and finally the fission products 
eluted with nitric acid. The aluminum was decontaminated from gross fission 
products by a factor of 103, from plutonium by 5 x 10°, and from cesiun, 
strontium and rare earths by 103-10" (Fig. 3). This process was uneconomical, 
however, since it involved a stoichiometric relationship between aluminum 

and the resin and hence required large amounts of resin in addition to large 
amounts of oxalic and nitric acids. 


More recently, Higgins and wymer?? proposed an alternate scheme, the 
Diban-Ion Exchange process, for removing strontium, cesium and rare earths 
from aluminum wastes (Fig. 4). In this process, the colloidal fission 
products are removed by scavenging, as above, and the aluminum solution 
subsequently evaporated to a temperature of 160°c to convert the aluminum 
nitrate, AL(NO3)., to dibasic aluminum nitrate, A1(0H) NO, (Diban). The 
solution is then cooled and diluted with water to 1.6 M Al and passed into 
the resin colum where the fission products are sorbed. The majority of 
the aluminum is not sorbed and passes through the column. Since the 
monopositive Al(OH)" ion is much less strongly adsorbed than the tripositive 
ats ion, the fission products can more successfully compete for the ion 
exchange sites in the presence of large amounts of aluminun. 


An oxalic acid scrub solution is used to decrease the amount of 
aluminum sorbed. The aluminum waste can then be discarded or evaporated 
to 6 M A1(OH) NO, if further storage is required. Storage in this case 
would require 300-400% less volume than the present practice of storing at 
1.5 to 2.0 M A1(NO,).. The fission products are removed from the resin by 
an 3 M ammonium carbonate-O.1 M ammonium citrate solution. The ammonium 
carbonate can be recovered for recycle by steam stripping and the remaining 
fission product solution evaporated for low volume storage or the individual 
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fission products separated for use as isotopes. Alternatively the 
fission products can be eluted with mineral acids such as nitric or 
sulfuric, if desired. 


Distribution coefficients for cesium, strontium, and rare earths, 
calculated as radioactivity per unit volume of resin divided by radio- 
activity per unit volume of solution, between 1.6 M Diban solution and 


"Dowex 50X68" resin were 7, 8 and 11, respectively. Decontamination of 
aluminum solutions from cesium and strontium therefore, should be greater 
than the 103-10" found previcusly.2” A disadvantage of the Diban process 
is the corrosive conditions present during the evaporation step to form 
Diban. Since some aluminum wastes contain ammonium nitrate, their evapo- 
ration could be hazardous. Consequently, the use of hydroxyl form anion 
exchange resins will be considered to convert the aluminum nitrate to 
Diban. Resin decomposition from radiation is not considered a significant 
factor. Using a figure of 20% degradation when 1 g of resin absorbs 

1 watt-hr of radiation,/© it nas been calculated that only 0.00564 of the 
resin will be lost per cycle when enriched 10% U-Al fuel irradiated to 

k x 1013 n/cm“/sec and cooled 5 months is processed. The Higgins ion 


exchange contactor would be used to achieve continuous processing. from 3 


waste 
ELECTROLYSIS consur 
The alkaline ion exchange method described above is expected to 
remove essentially all of the fission products with the exception of 
ruthenium), Although ruthenium! is not a major biological hazard, 
it is desirable to reduce the amount discharged to the environment. At 
the same time it would be advantageous to reduce the nitrate content of 
the waste since nitrate in higher concentrations is a bio-chemical poison. 
Early workers? 1218 had shown the feasibility of electro-deposition of 
ruthenium from dilute solutions and more recently Alter, Barney, et al., 
at Knolls Atomic Power Laboratory (KAPL) proposed an electrolytic process 


for treating nitrate wastes.+77©0,21 


Consequently, electrolysis was 
selected by Messing and Higgins-~ for further study as a solution to the 


problem. 
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Messing and Higgins considered two types of cells. The first 
was the KAPL nitrate reduction type which uses a simple stainless steel 
compartment with close spaced stainless steel cathodes and anodes (Fig. 5). 
Ruthenium electrodeposits on the cathode and nitrate decomposes to 
ammonia gas at the cathode. The sodium is converted to caustic which 
can be reused to neutralize more waste. The second type was a cell 
designed by Ionics, Inc. which contains cation and anion ion exchange 
membranes as barriers (Fig. 6).23 In this cell, the cationic fraction 
of the ruthenium migrates to and deposits on the cathode. Similarly the 
sodium and nitrate ions migrate to the cathodic and anodic compartments 
to form caustic and nitric acid. After a series of tests, the KAPL design 
was selected for intensive study since it was the simplest and accomplished 
the objectives of ruthenium and nitrate removal more directly. This type 
of cell was used in the cost estimate outlined in the preceding section 


for treating ORNL wastes. 73 


In laboratory scale studies on the nitrate reduction type cell, 
Messing and Higgins showed that synthetic alkaline waste containing 
0.55 - 4.83 M total electrolyte as NaNO, and NaOH could be decontaminated 
from ruthenium by factors of >210. The nitrate of 3.0 M total electrolyte 
waste was reduced to ammonia with current efficiencies of 100%. Power 
consumption was 4.7 kwh/lb of nitrate reduced. Significant factors 
affecting the rate of ruthenium decontamination were temperature, cathode 
area, cathode current density, and electrolyte concentration. Those 
affecting nitrate reduction current efficiencies were the cathode current 


density, electrolyte concentration, and stirring rate. 


They estimated that a 250-gal cell containing six type-347 stainless 
steel anodes and five Armco iron cathodes, 48 by 12 in., would process 
1,000 liters of 2.0 M NaNO,--0.7 M NaOH waste in 24 hr when operated at 
& current density of 3 amp/in.© at 100°C. Nitrate levels would be reduced 
below O.1 M with decontamination factors of >200 for ruthenium. This is 
more than adequate to reduce the ruthenium concentration to drinking water 
tolerances for both ORNL intermediate and high level wastes (Table 1). 

The sodium hydroxide produced could be discharged to a pit or concentrated 
by evaporation and reused for neutralizing more waste. In the latter case, 


only the purified evaporator concentrate would be released to the environment 
(Fig. 2). 
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Fig. 5. Nitrate Reduction and Ruthenium Removal Cell. 
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An experiment was run to determine the maximum ruthenium decontamination 
obtainable. A solution containing 0.44 M NaNO, and 0.11 M NaOH and Ru-106 
tracer, was electrolyzed at a potential of 3 volts, a current density of 
0.13 amp/in.”, and a temperature of 60°C. The half-life for the ruthenium 
deposition was 3.4 hr (Fig. 7). A sharp break occurred at 25 hr in the 
plot of log gross B vs time, which represented a decontamination factor 
of 250. Continued electrolysis for an additional 46 hr resulted in an 
increase in the decontamination factor to 430. Similarly, from a 
solution containing 3.43 M NaNo, and 1.40 M NaOH, at a potential of 6.2 
volts, current density of 4 amp/in.”, and a temperature of 89°C, the 
ruthenium half-life was 2.0 hr. As in the above case a break occurred 
in the plot, at about the same level of activity but after about 15 hr. 
This represented a decontamination factor of 210. Whether or not the 
remaining activity was due to ruthenium or to a contaminant of the Ru-106 
tracer was undetermined. If the remaining activity was not rutheniun, 
the ultimate decontamination factor for ruthenium is mich higher than 
200-400. More investigation is needed. 


SOLVENT EXTRACTION 


Solvent extraction has proven to be a singularly efficient method 
for the separation of plutonium and uranium from fission products. 
Consequently, efforts have been made to use solvent extraction for the 
recovery of isotopes from waste streams. Inherently, however, the well- 
known low cost solvents such as tributyl phosphate (TBP) and hexone do 
not extract fission products easily since they were chosen because of 
their ability to extract plutonium and uranium in preference to the fission 
products. Tributyl phosphate, for example, will extract many of the fission 
products under the proper conditions but will not extract cesium or strontiun, 
the isotopes of greatest interest from the biological hazard viewpoint. 
Other more expensive and less familiar solvents now being studied in 
development programs show promise for selective extraction of strontium 
and cesium. These studies are approaching the point where larger scale 
testing is warranted to determine over-all feasibility. The following 


sections present the status of solvent extraction for isotope recovery. 
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Fig. 7. Demonstration of Maximum Decontamination Factors by Ruthenium Plating. 
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Organophosphorus Acids. A number of orga.ophosphoric acids have 
been studied by Coleman, et al.,for the selective extraction of strontium 
and cesium from neutralized wastes 2725 Particular emphasis was placed 
on their separation from sodium which is the bulk ion in neutralized 
waste. Sodium salts of organophosphorus acids in hydrocarbon solution 
extracted strontium from sodium nitrate solutions over a wide pH range. 
The lower limit, the pH at which each extractant was hydrolyzed completely 
to the hydrogen form, was a function of its acid strength, and the upper 
limit was set by the phase stability of the organic salt solution. With 
di(2-ethylhexyl) phosphate (D2EHP) the useful pH range is from about 3 to 
above 12. The strontium extraction coefficient from 0.5 M sodium nitrate 
solution with 0.1 M Na-DeEHP rose sharply to a maximum of~+200 near pH 5 
(Fig. 8). The separation factor for strontium from sodium, sr. = £°(Sr)/Bo(Ne) 
was about 2000 at the maximum. At this pH the reagent is approximately 
half in the sodium form, so that the extraction coefficient for sodiun, 
(Na) was fixed at 0.05/.5 = 0.1. This separation factor and extraction 
coefficient should provide an excellent separation of strontium from 


sodium nitrate solutions. 


An extraction isotherm at pH 5.1 leveled off at an Sr/D2EHP mole 
ratio of 1/4. The shapes of the extraction-vs-pH curve and of the 
extraction isotherm are attributed to formation of a chelate complex with 
two D@EHP dimers, 

H(D@EHP ).Sr(D@EHP),H *é 
analogous to the complex found in uranyl extraction with D2EHPA. Thus, 
the formation of the chelate complex is highest at a pH near 5 where the 
concentrations of both ionized and un-ionized organic acid are favorable. 
At lower pH the direct competition by hydrogen ion rapidly increases, 
while at higher pH ionization increases until only the simple salt 
(D2EHP)Sr(D2EHP) can be formed. Above pH 7 the strontium extraction 
coefficient was constant at about 10 (Fig. 8). Here the extraction varied 
nearly linearly with reagent concentration and with the reciprocal of the 


aqueous sodium concentration, consistent with existence of the organic 


salt as a colloidal dispersion in the hydrocarbon solution. The separation 
factor for strontium from sodium was constant at about 50 over the pH range 


7-12; In this case the distribution coefficient for sodiun, Eo(Na), was 





2306 INDUSTRIAL RADIOACTIVE WASTE DISPOSAL 


UNCLASSIFIED 
ORNL -LR-DWG 31713 











( 
3s 
Lad 
oO 
Ww 
Ww 
WW 
Oo 
O 
= 
O 
faa 
O 
aq 
Oo 
}— 
x< 
uJ 


pH 


Fig. 8. Strontium Extraction Coefficient vs Aqueous pH. Extracted from 
~0.5 M NaNO3 aqueous solution by 0.1 M sodium di (2-ethylhexy!) phosphate 
in Amsco 125-82 modified with 5% TBP. 
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fixed at 0.1/0.5 = .2 by the macro concentrations. 


Table 2 shows a list of other organic phosphorus acids tested. 
Qnly dicyclohexylphosphinic acid failed to extract strontium (i.e., 
its distribution coefficient was E- (sr) = 0.1 at pH 3 to 12). None 


gave higher separations of strontium from sodium than did D2EHP. 
Several extracted strontium at significantly lower pH than did D2EHP, 
or gave somewhat higher extraction from alkaline solution. 


Table 2. Organophosphorus Acids Tested. for Extraction of 


Strontium’ 


Di-n-octylphosphoric Acid in Amsco 125-82 
Bis(diisobutylmethly)phosphoric Acid in Amsco 125-82 + 3% TBP 
2, 6, 8-trimethylnonyl-4-phosphoric Acid in Kerosene 
2-methyl-7-ethylundecyl-4-phosphoric Acid in Kerosene 

3, 9-diethyltridecyl-6-phosphoric Acid in Kerosene 
Di-(2-ethylhexyl)phosphinic Acid in Amsco 125-82 + 10% TBP 
Di-cyclohexylphosphinic Acid in Benzene 

Di-n-hexylphosphinic Acid in Amsco 125-82 + 5% TBP 

Phenyl (1-hydroxy-2-ethylhexyl)phosphinic Acid in Benzene 


The organophosphorus acids were less successful in extracting cesium 
than was the case with strontium. Although monoalkylphosphoric acids are 
not significantly stronger acids than the corresponding dialkylphosphoric 
*F the monoalkyl acids in hydrocarbon solution extracted alkali metal 
ions from aqueous solutions that were more acidic, down to pH 1. The 
order of selectivity for the alkali metals from nitrate solution with 
1-(3-ethylpentyl)-4-ethyloctylphosphoric acid (HDPA) and others of similar 
structure was Cs? K>Na>Li. The cesium extraction coefficient from 0.5 M 
sodium nitrate solution with 0.5 M HDPA in kerosene was~3 in the pH range 


acids, 


1-1.5, with separation factors from sodium of ~30. Cesium extraction by 
sodium di(2-ethylhexyl)-phosphate was low, with cesium extraction coefficients 
less than those of sodium in the pH range from 4 to ll. 
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Cesium was removed from nitrate solution more effectively by sorption 
on a precipitate of zirconium phytate (inositol hexaphosphate). Sorption 
was highest from slightly acidic solutions, but still considerable from 


2M nitric acid in single-stage batch equilibrations using 1 g of sorbent 
per 100 ml of solution (Table 3). 


Table 3. Cesium Sorption from Nitrate Solutions by Solid 
Zirconium P. te 


Per Cent of 
Aqueous Solution pH Cs Sorbed 


0.5 M NaNO, 12 6 
0.5 M Nao, 0.7 to 2.2 80 
2 M ENO, 0 35 
1M A1(NO3). 1 97 
2M A1(NO3)., Z 92 


Equilibrium was reached in 5 min. The limiting loading from 0.1 M cesium 
nitrate solution was about 1 mmole of cesium per gram of sorbent, and 

the limiting loading from 0.5 M NaNO, containing 10 ppm cesium at pH 3 
was 2 mg of cesium per gram of sorbent. A column sorbed 0.7 mg of cesium 
per gram of sorbent from 1 M 10 NaN, solution containing 10 ppm cesium 
at pH 1 before breakthrough. The sorbed cesium can be eluted with 
ammonium nitrate or chloride. 


Tributyl Phosphate (TBP). In the absence of significant quantities 


of TBP-extractables, such as uranium or thorium nitrates, which create 
TBP-saturation and/or strong back-salting effects on less extractable species 
the cerium and rare earths are readily extracted by tributylphosphate. In 
cases where nitric acid is the only aqueous salting agent, relatively stron 
concentrations of acid e.g., 8-16 M are required to provide usefully high 
rare earth distribution coefficients because the TBP-extractable nitric 
acid may effectively back-salt the rare earth nitrates. However, such 
systems have been effectively employed in the extraction and separation of 
the naturally occurring rare earth elements by Weaver and Topp.-? In aqueou 
systems containing aluminum nitrate and under either acid-deficient or 
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relatively low acidity conditions, fairly low salt-strengths procure 
usable distribution coefficients for the cerium and yttrium rare earths. 
Both pure TBP and 30-45% solution of TBP in inert solvents have been 
studied. 


In tracer studies employing 1.0 volume of synthetic solution 
(1.6 M A1(NO,) 0.16 M HNO,, 0.02 M SO),) with 0.2 volume of 100% TBP, 


? 
Krieger et a9 found that a combination of chemical treatments of the 


aqueous waste provided a system for extraction of the cerium, yttrium, 
zirconium, niobium and ruthenium fission products. Greater than 99% 

of the rare earths were extractable without treatment. The addition of 
cupferron was employed to attain about 89% extraction of zirconium-niobium; 
and reduction by metal addition to aqueous phase was employed to attain 
approximately 80% removal of the ruthenium. 


In other laboratory studies, wastes from the Thorex process were 
treated by Gresky and Wischow.>+ The cerium rare earths were extracted 
from the evaporated waste concentrated with 42% TBP in Amsco diluent. 
The concentrates contained 2.47 M A1(NO,),-0.11 M SO), and were 0.87 M 
acid deficient. Employing a batch countercurrent extraction and stripping 
system, it was possible to completely extract and concentrate the cerium 
rare earths. Extraction distribution coefficients for the latter were 
observed to be greater than 10", making it possible to employ small efficient 


organic volumes for the extraction process. 
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FISSION PRODUCT RECOVERY FROM RADIOACTIVE EFFLUENTS 


R. L. Moore” and R. E. Burns* 


INTRODUCTION 


Of the many fission product isotopes formed in the fission reaction, some 
are of sufficiently long half-life and formed in sufficient yield to be of 
major importance from the standpoint of long-term waste disposal or retention 
or of recovery for utilization as radiation sources. The more important of 
these isotopes, with their daughters, are shown in Table I. Cesium-137 is 
promising as a gamma radiation source becuase of its long half-life, high 
fission yield, and high gamma/beta ratio. Strontium-90 is of interest for 
applications where a long-lived beta-only emitter is desired. The others 
are of lesser interest although they may find application where their short 
half-lives are not a serious deterrent. In the area of waste disposal or 
retention, interest centers on the removal of cesium-137 and strontium-90, 
again because of their long half-lives and because of the severe biological 
hazard of strontium-90. 


TABLE I 


RADIATION CHARACTERISTICS OF PRINCIPAL FISSION PRODUCTS 


Thermal Fission . Principal Radiation, MEV 
Nuclide Yield from U-235, b Half-Life 3 Y : : 
Cs-Ba-137 5.9 30 y 1.2 0.66 
Sr-Y -90 5.9 eb y 2.2 None 
Ru-Rh-106 0.38 1.0 y 3.53 0.51 (25 $) 
2.41 (0.3 $) 
Zr -Nb-95 6.4 65 4aZr, 35a Nb 0.4 0.75 


Ce-Pr-144 6.1 285 4 3.0 2.2 (1 $) 


* General Electric Company 
Hanford Atomic Products Operation 
Hanford Laboratories 
Richland, Washington 
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This paper describes some processes, presently under development in the 
Hanford Laboratories, for the recovery of certain fission products, 
particularly cesium, from currently available process effluents. The 
proposed processes are, to some extent, similar to processes previously 
used successfully at Hanford for the pre-disposal treatment of aged process 
effluents. Hanford's experiences with this program are described briefly, ¢ 


Fission product recovery, particularly the removal of long-lived isotopes 

from process effluents, is frequently considered an integral part of ultim 
waste disposal. A common concept is that, if cesium-137 and strontium-9 
removed, the remainder can be disposed of after a relatively short storage 
period during which short-lived isotopes will decay to non-hazardous levels; 
Some discussion of the relationship of fission product recovery to ultimate 
waste disposal and of the limitations of this relationship is presented in 
final section of this paper. 


FISSION PRODUCT RECOVERY 


Research at Hanford on fission product recovery has concentrated largely on 
cesium since it was felt that this is the fission product most likely to 

find a large scale market in the near future. The recovery of other fission 
products has been considered to be of secondary interest, and schemes for 

their recovery have accordingly been designed to fit into a main-line cesi 
recovery process. Furthermore, interest centered on the use of precipitati 
techniques because of the existence at Hanford of idle precipitation facili 


It should be noted further that the selection of an optimum process for the 
recovery of fission products from a radioactive waste solution will be very 
dependent on the composition of the waste and the method of waste disposal 
employed. Thus Oak Ridge has successfully used the fractional crystalliza- 
tion of ammonium alum to recover cesium from the high aluminum nitrate ARCO 
chemical separations plant waste (1 » and the British are reported to use 
phosphotungstate carrying to recover cesium from their waste, a nitric ect 
solution which is stored in stainless steel tanks without neutralization.\/ 
At Hanford, uranium and plutonium are recovered from irradiated fuel elemen 
by means of the Purex process. (3) This is a solvent extraction process whi 
employs tri-n-butyl phosphate as extractant and nitric acid as salting agen 
The bulk of the nitric acid is recovered from the waste by distillation for 
reuse, and the concentrated waste is then neutralized with caustic and sto 
in the alkaline condition in underground mild steel tanks. The flowsheet 
composition of this waste is shown in Table II. In actual practice, the 
composition of the unneutralized waste is rather variable with the concent 
tion of many of the inert constituents often exceeding the above values and 
with traces of corrosion products, uranium, and aluminum also present. Thi 
is shown by the numbers in the third colum. Although large quantities of 
fission products are present in the Hanford storage tanks, recovery from | 
this material would be mre expensive than from the current plant waste, =) 
the latter should be adequate to satisfy the expected demand. Therefore 
effort was concentrated on-recovery of cesium from the fresh waste. 
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TABLE II 


COMPOSITION OF PUREX WASTE 


cine 
Constituent Flowsheet Actual 

HNO. 7.6 6 

Fe 0.11 0.3 

Al - 0.1 

Na 0.38 1 

U, Cr, Mi Trace Trace 

So,,* 0.21 0.4 
Total Fission Products 70.01 ~v 0.01 
Cesium 7 0.001 7 0.001 


Several precipitating agents were scouted in the initial work. These 
included tetraphenyl boron, cobaltinitrite, silicotungstate, and various 
ferri- and ferrocyanides. The latter showed the most promise and were 
selected for intensive development. As has been found to be the case with 
many other scavenger reactions, coformed precipitates were found to be much 
more effective than preformed. The ferrocyanides of zinc, nickel, copper, 
iron(III), iron(II), cobalt, cadmium, uranium(VI), and manganese(II) and 
the ferricyanides of nickel, copper, and zinc all'precipitated cesium to some 
degree. From the standpoint of extent of cesium recovery, volume of pre- 
cipitate to be handled, and specific activity of product, zinc ferrocyanide, 
zine ferricyanide, nickel ferrocyanide, and iron(III) ferrocyanide were the 
most efficient. Nickel ferrocyanide was effective over the widest pH range 
(from about 5 M nitric acid to pH 10) whereas zinc ferrocyanide gave the 
smallest precipitate volumes and highest eversye activity. Details on the 
effects of variables are reported elsewhere. ( 


A flowsheet based on the use of zinc ferrocyanide is shown in Figure l. 


Noteworthy features of the cesium zinc ferrocyanide process are the large 
volume reduction (ca. 1000 fold) and the high specific activity of the 
precipitate, which is about 45 percent cesium by weight (dry basis). The 
precipitated cesium is also of high radiochemical purity since most of the 
fission products are removed on the ferric hydroxide precipitate. This 
process has been tested with full level plant waste and. is currently under- 
going pilot plant development. 


The product of the cesium zinc Set anes process is a definite compound 
with the composition CspZnFe(CN)6 It appears to have a lower solubility 


37457 O—59—vol. 3——-32 
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than zinc ferrocyanide itself, and most complete cesium precipitation occurs 
when zinc and ferrocyanide are added in quantities stoichiometric to the 
cesium. Although cesium zinc ferrocyanide is acceptable from a specific 
activity standpoint since it is very nearly half cesium by weight, there is 
some reason to think that it may undergo slow radiation decomposition with 
resultant gas evolution. Therefore, methods have been developed to convert 

it to cesium chloride, which is known to be eee for irradiation 
source use. This can be done in a variety of ways, 4 e.g-., by calcination 
followed by water leaching, acidification of the leach solution with hydro- 
chloric acid, and evaporation to dryness; by dissolution in sulfuric acid 
followed by sulfide precipitation of iron and zinc, and anion exchange removal 
of sulfate; or by hydrolysis with steam(5) at 250-300°C followed by leaching, 
acidification, and drying. The latter process has been selected for engineer- 
ing prototype testing. 


The most difficult step in the cesium zinc ferrocyanide process is the 
centrifugation (or filtration) and washing of the ferric hydroxide precipitate. 
The handling characteristics of this precipitate are considerably improved by 
slow neutralization with gaseous ammonia or by urea hydrolysis (homogenous 
precipitation); however, the large bulk of the precipitate is still a problem 
at high iron concentrations. Therefore, the removal of cesium after only 
—s pete and prior to iron precipitation has also been investi- 
gated. 6) Nickel ferrocyanide, zinc ferricyanide, and zinc cobalticyanide 
were the most efficient cesium carriers at low pH, with the zinc ferricyanide 
giving the best recoveries and smallest precipitate volumes. Recoveries of 

&° to 98 percent were obtained from full level plant waste solution. However, 
.t was necessary to use a ten-fold excess of precipitant, and the precipitate 
was contaminated with up to ten percent of the initial zirconium and ruthenium 
activities. Thus, further processing would probably be required to improve 
the radiochemical purity and specific activity of the cesium product. Choice 
between the "acid side" flowsheet and the cesium zinc ferrocyanide process for 
a particular application would probably depend on the composition (iron, 
‘ranium, and aluminum concentration) of the waste and on the results of larger 
scale comparative tests. 


A scheme for the recovery of other fission products, in addition to cesium, is 
shown in Figure 2. Control of pH is utilized to fractionate the fission 
products into groups, and appropriate precipitation reactions are then utilized 
to isolate individual elements. Final packaging of strontium, cerium, and 
rare earths would probably be as the fluorides or fused oxides, since these 
have good chemical and radiation stability. Cesium recovery would be by 
ferrocyanide precipitation, as before. 


An engineering study of the prone? cost of producing fission products in 


Hanford facilities has been made.(\7) It appears that cesium-137 (as cesium 
chloride) can be produced and sold at a price of about 50 cents per curie at 
@ processing rate of the order of a megacurie per year. Production at a 
high rate or concurrent production of other fission products would reduce 
this price substantially. 
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HANFORD WASTE SCAVENGING EXPERIENCE 


Procedures similar to. those just described for the recovery of cesium and 
strontium have been used successfully at Hanford for the decontamination of 
certain process effluents prior to discharge to the ground. The solutions 
contained ferric, sulfate, and phosphate ions in moderate concentrations 

(< 0.5 M) in addition to high concentrations of nitric acid and/or sodium 
nitrate. By simply making the solutions alkaline (pH 8-10) ferric hydroxide 
and phosphate were precipitated. Most of the total radioactive content 
present was coprecipitated with these solids. Decontamination factors for 
strontium ranged. from 80 to 200. However, very little of the cesium present 
was removed. Precipitation of nickel ferrocyanide prior to or during 
neutralization of acidic wastes or in the supernatant liquid from already 
alkaline wastes removed cesium very thoroughly. Cesium decontamination factors 
as high as 10* were obtained, and factors in excess of 10” were routine for a 
single strike in large-scale processing. Ferrocyanides other than nickel 
(copper, iron, cobalt, zinc) are also effective carrier precipitants for 
cesium as noted elsewhere in this paper. Nickel ferrocyanide was chosen for 
this application because it is relatively inexpensive and becuase it function- 
ed best in the pH range (8-10) dictated by other aspects of the process. More 
complete removal of strontium than that obtained by making the solutions 
alkaline was desired. By adding inert calcium or strontium nitrate to the 
solutions prior to treatment, strontium decontamination factors were increased 
to 500 or greater. Following settling of the solids produced in these treat- 
ments, the supernatant liquids contained strontium-90 and cesium-137 in the 
range of 0.02 to 0.1 uc/ml. Total fission product content ranged from one 

to 20 uc/ml. depending on the age of the effluent. References 8, 9, and 10 
describe these procedures in much greater detail. 


It should be emphasized that the procedures just described did not produce an 
effluent which could be discharged directly to public waters. Concentrations 
of many of the isotopes present were many-fold greater than the maximum 
permissible in drinking water. These effluents could be discharged to ground 
safely at Hanford only because of an unusually favorable combination of 
climate and geology, as well as remoteness from habitation and from public 
waters. The discharge area has a deep ground water table (250-350 feet) 
overlaid with a sandy, permeable soil having considerable adsorption capacity 
for many cations. Ground water under the discharge area has a low hydrologic 
gradient and moves toward the adjacent Columbia River slowly. At no point in 
the area is ground water removed for domestic or agricultural purposes. 
Wastes discharged into the ground near the surface percolate through a long 
exchange column of soil before reaching ground water. Much of the residual 
fission product content is absorbed by the soil. Of those radioisotopes 
which do reach ground water, only those with relatively long half-lives 

(>3 years) are of prime concern since the short-lived isotopes will decay to 
sub-hazardous levels before reaching the Columbia River. Thus, if the 
discharge system is so operated that no long-lived isotopes reach ground 
water in hazardous concentrations, the operation as a whole is safe. In 
practice, the operating criterion adopted was that no radioactive nuclide 
having a half-life greater than three years should exist in the ground water 
at concentrations greater than 0.1 the maximum permissible in potable water. 
Several million gallons of separations process effluents were treated and 
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discharged to ground in this program. Total cost including preparation 
of the discharge sites was about five cents per gallon of waste treated. 


Cesium-137 and strontium-90 are the only fission products having long half- 
life and produced in high yield in the neutron irradiation of uranium. Low 
concentrations of long-lived alpha emitting isotopes were also present in 
the scavenged waste. However, past experience has shown that these latter 
are much more completely adsorbed and strongly held in soil than cesium or 
strontium. Consequently, the quantity of waste which could be discharged to 
any given area of soil was limited by the adsorption of cesium-137 and 
strontium-90. Since maximum permissible concentrations in potable water 
(MPC) for cesjum-137 and strontium-90 are 1.5 x 1073 and 8 x 10-7 uc/ml, 
respectively, 11) it is apparent that operation of the discharge system 
within the established criterion required that additional decontamination 
factors of about 103 for cesium-137 and 10° for strontium-90 be obtained 
through adsorption of these isotopes by the soil. 


To determine approximately how much of the scavenged waste could be discharged 
per unit discharge area, soil column tests were made on each batch (300,000 to 
500,000 gallons). In these, the number of column volumes of waste passed 
through the soil column before either cesium-137 or strontium-90 in the 
effluent exceeded 0.1 MPC was determined. This value and an estimated 
effective soil column length to ground water were used to establish the 

volume of waste which could be discharged to any given area. 


The testing program brought to light some interesting observations on the 
effect of various constituents on the adsorption of strontium and cesium by 
soil. For example, it was found that the adsorption of strontium depended 
on the amount of phosphate present, (12,13) and a minimum phosphate concentra- 
tion in the discharged waste had to be specified. Also, it was found that 
very low concentrations of aluminum (in the range of 0.001 M) had a seriously 
adverse affect on the adsorption of cesium and strontium. Although not a 
fission product, cobalt-60 was one of the more troublesome isotopes in this 
disposal program. It was present in low concentration, presumably due to 
neutron reactions with impurities in fuel or cladding materials. For some 
reason, as yet not completely explained, adsorption of cobalt from the 
scavenged wastes by soil was essentially negligible. Consequently, it was 
necessary that the cobalt-60 content in the discharged waste be no higher 
than that specified for ground water. Since cobalt-60 has an intermediate 
half-life (5.2 years) this specification was set at the MPC or 4 x 10~* uc/ml 
for some waste batches. The cobalt-60 which does reach ground water will be 
used as a tracer for further determinations of ground water flow. These 
effects imposed very severe limitations on the allowable volume discharged 
per unit area for some batches of waste. They are cited here to emphasize 
the caution required in carrying out a waste disposal program even under 
exceptionally favorable conditions. Under less favorable conditions the 
problems would be increased many fold..- 


RELATION OF FISSION PRODUCT RECOVERY TO WASTE DISPOSAL 


Historically the recovery of certain fission products, particularly long- 
lived nuclides, from separations waste has become identified as an integral 





to 
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part of ultimate waste disposal. In particular, it is argued that, if the 
long-lived isotopes such as cesium and strontium are removed, the remainder 
can, after a few years storage, be relatively easily disposed. It would be 
well to examine this concept in terms of the objectives of a fission product 
recovery program. The current incentive for the recovery of significantly 
large amounts of fission products presages use of their radiant energy for 
processing of foods, destruction of parasites, and initiation of chemical 
reactions. Economic studies have shown that recovered fission products must 
be made available at very low cost to compete with conventional forms of 
energy where these will perform the same task. Even where the effect desired 
can be obtained only by high energy radiation, fission products must compete 
economically with machine-made radiation. Thus, the objectives of a large- 


scale fission product recovery program are the long-familiar ones of low 
cost and high volume. 


Separations process effluents currently available for large-scale fission 
product recovery contain cesium-137 and strontium-90 in concentrations of 
between 103 and 104 uc/ml. To reduce these nuclides to drinking water 
tolerances, minimum decontamination factors of about 10§ and 10 » respectively, 
would be required. Suggested recovery processes give decontamination factors 
ranging from only about ten to 100. This is due to the necessity of keeping 
the process simple and producing a product of high specific activity. 
Economically competitive processes giving decontamination factors of 103 may 
possibly be devised, but it appears highly improbable that competitive 
processes giving decontamination factors of 106 to 109 can be developed. 
Effluents from presently suggested cesium and strontium recovery processes will 
contain many times drinking water tolerances for cesium-137 and strontium-90. 
Thus, even though these effluents are stored until all short-lived nuclides 
have decayed to sub-hazardous levels, they still cannot be safely discharged 
where they might contaminate public waters. Complete confinement of the 
wastes, further treatment to reduce these isotopes to non-hazardous levels, 

or controlled disposal to ground under favorable conditons of soil retention 
and remoteness from public waters would be required. It is well to remember 
that process effluents from which fission products may be recovered also 
contain small amounts of plutonium, uranium, and other alpha emitting isotopes. 
These have generally much longer half-lives than and represent about as great 
a hazard as most fission products. Their presence must be considered in the 
disposal of any effluent where it may enter public waters. 


There are however, undeniable fringe benefits to waste disposal resulting from 
fission product recovery. Thus, the magnitude of the hazard or catastrophe 
should a waste storage tank rupture would certainly be diminished if most of 
the cesium and strontium had been remeved. Also,the energy produced by 
radioactive decay is adsorbed by surreunding media and converted into thermal 
energy. In highly radioactive solutions, the decay heat may be sufficient 

to produce boiling while in large masses of highly radioactive solids (as 
would be derived by evaporating radioactive wastes to dryness) very high 
temperatures may be reached if thermal conductivity is low. Long-lived 
isotopes account for a relatively small portion of the decay energy of short- 
cooled wastes from the processing of irradiated uranium. The Cel -Bal37 
and Sr70 -y90 parent-daughter chains together account for less than ten 
percent of the total decay energy in process effluents at usual processing 
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times (about 100 days after removal from a reactor). However, after five 
years ageing of the wastes, they account for more than two thirds of the 
total decay energy. In long-term storage or ultimate disposal techniques 

in which decay heat is a problem, prior removal of cesium-137 and strontiun- 
90 will reduce the problem. It has been calculated that, under some 

loading conditions, underground waste storage tanks at Hanford might boil 
(requiring cooling or condensate return) for a century or more. Removal of 
most of the cesium and strontium prior to storage of the wastes would reduce 
this time to a few years. 


In summary, recovery of specific fission products from process effluents may 
reduce heating problems in long term retention of radioactive wastes. It 
appears unlikely that the very high cesium-137 and strontium-90 decontamination 
factors required to permit eventual uncontrolled release of, the wastes will be 
obtained in economically competitive recovery programs. 
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Representative Horirtetp. The next witness will be Mr. Bernard 
Manowitz, from the Brookhaven National Laboratory. His testi- 
mony will be on fission product utilization. 


STATEMENT OF BERNARD MANOWITZ,* BROOKHAVEN NATIONAL 
LABORATORY, UPTON, N.Y. 


Mr. Manowrrz. Mr. Chairman and gentlemen, thank you for the 
opportunity of making this summary statement. 
In order to evaluate properly the effect of fission product: utiliza- 
tion on waste disposal one must— 
Analyze the characteristics of the radiochemical wastes; 
Ascertain their probable supply as a function of time; 
Determine to what uses they can be put; 
Evaluate the competition to these uses from other sources; 
5. Estimate the probable market for the extractable byprod- 
ucts ; 
Determine the difficulty and cost of extracting these by- 
products and putting them into a useful form, and finally; 
7. Determine the effect on waste disposal if these operations 
were to be undertaken. 
In order to fit potentially into the 15-minute period assigned to me, 
I thought I would put the conclusions to all those statements imme- 
diately, namely that : 
1. The important characteristic of radiochemical wastes is the 
fact that they emit powerful radiations which might be put to 
use ; 


As the nuclear power industry develops, their supply is go- 


ing to be ample; 

3. Numerous uses for intense radiation in initiating biological 
and chemical reactions and in producing heat. and energy have 
been investigated, most of which are still in a research stage; 

4. Each one of these applications can be accomplished, not only 
by the fission product radiation, but also radiation produced by 
high-voltage machines by nuclear radiations from reactors or 
reactor- produced isotopes, the production of which requires more 
fission to take place and thus add to the waste disposal problem, 
or, in most cases, more cheaply by using chemical or heat tech- 
niques rather than radiation; 

5. Although the market for these byproducts in the immediate 
future is small, efforts are being made to develop a market; 

6. The difficulty of extracting byproducts and putting them 
into a useful form is considerable, though probably accomplish- 
able at a reasonable cost ; and, finally, 


8 Born in 1922 in Jersey City, N.J., has an M.S. degree in chemical engineering from 
Columbia University. From 1944 to 1947 he worked at Clinton Laboratories. now Oak 
Ridge National Laboratory, primarily in the field of pile engineering. From 1947 to the 
present he has been at Brookhaven National Laboratory. There his responsibilities have 
included the design and construction of the Brookhaven waste disposal system, engineering 
research on waste processing methods, fission product utilization studies, and research 
and development work in radiation physics and radiation chemistry. He is now the head 
of the Radiochemical Technology Group at Brookhaven. From 1952 to 1954 he was a 
member of the AEC Waste Processing Committee. He was also an adviser to the delega- 
tion at the 1955 Geneva Conference where he presented a U.S. paper on waste disposal. 
Mr. Manowitz is author of a considerable number of publications both in the field of waste 
disposal and in the field of applied radiation. At the present time he is also an editor 
of the International Journal of Applied Radiation and Isotopes. 
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7. Even if fission product utilization is highly successful and 
widely put into practice, it will probably have a relatively small 
effect on the waste disposal problem. 

These conclusions should not be construed as an indication that 
applied radiation has a poor future, or that fission byproducts have 
no market value. On the contrary, I believe that applications of in- 
tense radiation have an important contribution to make to the future 
economy of this country, and that appreciable revenue is possible 
from the sale of fission byproducts. However, I feel that the growth 
of this new field is unlikely to provide a solution to the problem of 
radiochemical waste disposal. 

To develop the argument, table 1 lists characteristics of the impor- 
tant long-lived nuclides in radiochemical wastes. I believe these are 
probably the same radionuclides Mr. Tomlinson described to you a 
moment before. Note that there are a large number of radionuclides 
present which belong to different chemical families. Of these, sev- 
eral, i.e., promethium 147, ruthenium 106, and cerium 144, will decay 
to negligible levels in about 20 years; cesium 137 and strontium 90 will 
persist for generations, and samarium 151, americium 241, and plu- 
tonium 239 will endure for centuries. 

Note also the difference in the half lives. The half lives range 
between a year or so to 25 or 30 years for cesium and strontium; to 
24,000 years for plutonium. So some of these will decay in tens of 
years, others will persist for hundreds of years, and others will persist 
for thousands of years. 


TABLE 1.—Important characteristics of long-lived nuclides 


Potential supply from power reactor program in—/| Extraction effi- 
ciency required 
Half-life before discharge 
Nuclide years 5 years 25 years of typical wastes 
to environment 
| after 10 years 
Megacuries | Megawatts | Megacuries | Megawatts | storage, percent 
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Also in table 1 is an estimate of the potential supply of these radio- 
nuclides as a result of the U.S. power reactor program based on the 
Palmer Putnam prediction of the growth of the U.S. nuclear economy. 
The data indicate that in terms of curies, enormous amounts of these 
radionuclides will accumulate. In terms also of the total amount of 
heat which can be generated from these’radionuclides an appreciable 
amount is also going to accumulate. An estimate of the market for 
these fission products in the immediate future is very difficult to make 
because so many items, such as cost and usefulness, are still unknown. 
I think it can be stated categorically that in every case the potential 
supply far exceeds the demand that can be foreseen in the immediate 
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future. However, the Office of Isotope Development of the Atomic 
Energy Commission has recently initiated a program. designed to 
accelerate the uses of radioisotopes, and to develop an industrial mar- 
ket. This program includes: 

1. Radioisotope applications contracts to develop new, or to im- 
prove existing practical uses of radioisotopes ; 

2. Industrial radiation contracts to accelerate development of 
massive radiation sources and technology for economic applica- 
tions of radiation of high power output ; 

3. Isotope production activities to make available commercial 
quantities of radioisotopes at economical prices, and to encourage 
their production by industry ; 

4. Increased opportunities to industrial personnel for training 
in the technology necessary for practical application of isotopes. 

The amounts of radioactiv ity needed for tracers, or thickness gages, 
or instrumentation, are very small, even fora greatly expanded market. 
The only hope for making an appreciable dent in the potential supply 
of radionuclides is by the use of massive radiation sources. It is highly 
probable that if massive radiation sources are marketed, for safety 
reasons they will have to be sealed sources. A sealed source must be 
radiation stable—that is, it must not evolve gases which might pres- 
surize the container. 

It is unlikely that mixed fission products could be put into a chemical 
form that would be sufficiently radiation stable. Furthermore, mixed 
fission products would have a complex decay pattern, making the 
planning of precise dose rates and total irradiation extremely com- 
plicated. It is highly likely, therefore, that individual radionuclides 
would have to be sé¢parated and properly packaged to make up massive 

radiation sources. Cesium 137 is the most likely fission product to be 
useful as a gamma source. Some potential applications for massive 
amounts of gamma radiation are the following: 

1. Radiography and therapy : Cesium. 137 is and will continue to be 
competitive with high voltage machines, and cobalt 60 for the radiog- 
raphy and therapy markets. 

he total potential market, however, is very small compared with 
the potential supply of cesium 137. 

2. Sterilization of drugs and medical supplies: The sterilization of 

drugs and medical supplies will probably provide a relatively small 
radiation market. Chemical and steam techniques in use today are 
cheap and in most instances entirely adequate. 

For those uses where radiation is applicable, high voltage machines, 
since they can be developed faster, will probably capture an appre- 
ciable fraction of the market. Cobalt 60 will be competitive and prob- 
ably preferable to cesium 137 in those instances where deep penetration 
is necessary, since cobalt 60 has more penetrating radiations. 

3. Sterilization and pasteurization of food: Should the technical 
difficulties of storing foods for long periods of time without refrigera- 
tion by radiation treatment be surmounted, a very large market for 
many types of radiation sources could develop. At the moment, the 
Quartermaster Corps program on food sterilization has had the most 
research and development attention, but the program is not yet at a 
point where a process and process equipment can be defined. There- 
fore, a market cannot as yet be estimated. It ismy understanding that 
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in about 11% to 2 years process and process equipment information will 
be available. 

Not as much work has been done on food pasteurization as on food 
sterilization, so that the commercial market for radiation preserved 
foods can be even less well defined. Even if large potential markets 
exist, cesium 137 radiation sources will face stiff competition from high 
voltage machines, cobalt 60 and sodium 24 reactor coolants. 

Studies have recently been made at Brookhaven comparing cesium 
137, cobalt 60, and sodium 24 as sources for a high intensity food irradi- 
ator similar to the proposed Quartermaster Corps HIFI. For the 
case of cesium 137 it would be necessary to develop techniques to pre- 
pare the cesium 137 to at least twice the specific activity it can be pre- 
pared in today. Even at that level it would require about 30 million 
curies, or approximately the total estimated amount that would be 
accumulated from the entire reactor program in the next 5 years, in 
order to provide enough activity for a single 3,000-pound-per-hour 
irradiator. On the other hand, the Quartermaster Corps HIFI will 
use about 2 million curies of cobalt 60 at a specific activity readily 


available. Even less sodium 24 would be needed, although the re- 


quired specific activity would involve changes in existing sodium- 
cooled power reactor design. 

4. Initiating chemical reactions: A wide variety of chemical re- 
actions that can be effected by radiation have been and are being 
studied, ranging from rubber vulcanization and petroleum cracking 
to the making of specialty plastics. Most of this work is still in 
an embryonic stage so that a market cannot be well defined. Once 
again, even if a large market can be developed, cesium 137 will hardly 
be competitive with high voltage machines, cobalt 60 or sodium 24. 
In this case, nuclear reactors themselves may very well be used as 
the radiation source, generating rather than reducing waste volumes. 
In this area particularly, chemical and heat techniques for making 
the same or a similar product will be difficult for radiation to com- 
pete against. Potentially, cesium 137 can also be used as a heat 
source. As table 1 indicates, eventually there will be a sufficient 
supply of cesium 137 so that power supplies in the region of hundreds 
and perhaps thousands of kilowatts can be considered. Here the 
unique properties of cesium 137, that is, its half life, and the fact 
that it can be packaged in small volume, may make it especially 
valuable for a heat and power supply in remote places. 

Strontium 90 and prometheum 147 are pure beta emitters and can 
be considered as materials for massive beta sources. Krypton 85 
is also beta emitter and can be considered for specialized uses. 

Massive beta sources can be used for surface sterilization and sur- 
face pasteurization of foods and other items. Potentially, they could 
be used also for the initiation of reactions in the gas phase and for 
the treatment of materials in thin sheet or film form. 

For these uses strontium 90 and prometheum 147 would have to 
compete against high voltage machines. Krypton 85 can be used 
in the manufacture of light sources, such as railroad markers and 
uses of that kind. For this use it would have to compete against 
tritium which is a reactor produced material. Prometheum 147 is 
particularly applicable for atomic batteries. 
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Strontium 90 may also ultimately be useful as a specialized heat 
und power source. 

Further information on potential markets is being developed for 
the Atomic Energy Commission by the CEM group ‘of W ashington, 
D.C., by A. D. Little of Cambridge, Mass., and by Radiation Appli- 
cations, Inc.. of New York City. 

I would summarize my feelings on potential markets for fission 
products something like this. 

Normally, when one is developing a standard commercial product, 
as, for exainple, a new plastic, it takes about 7 years to get from test 
tube to a marketed product. During this interval one has accumu- 
lated basic information on the feasibility of the process, engineering 
information on the equipment required to effect the process, pilot 
plant information on the practicality of the process, information on 
the properties, quality, and acceptability of the product, market 
analysis information, and has constructed and operated a plant for 
producing the product. In this normal chain of events there is al- 
ready available to the engineer and to the scientist a vast amount 
of basic information on the characteristics of the form of energy 
used in the process, and on the characteristics of many types of equip- 
ment through which energy can be infused into the process. 

For example, if you are . designing a heat exchanger you can go to 
the handbooks and get much information on heat transfer coefficients 
and information of that sort. 

The situation is not the same when one considers radiation as a source 
of energy. Much basic information has yet to be developed on the 
interaction of radiation with matter, and on the characteristics of 

various types of radiation sources. This can be achieved only by sus- 
tained basic engineering research which, in this particular field, 
requires complex and expensive facilities, as, for example, the new 
type of source preparation cells and source evaluation cells that we 
are proposing at Brookhaven. One still needs a handbook on radiation 
source design and on radiation effects containing information deter- 
mined empirically and substantiated at full activity level. We are 
hoping to develop this basic information at Brookhaven within the 
next several years. Even after this information has been accumulated, 
development work on radiation processes will be slower and probably 
more expensive than on processes where one uses only heat or chem- 
icals to product a product. 

The present status of the applied radiation field is that most appli- 

vations have had at the most 3 or 4 years of basic research, in all 
instances using laboratory radiation sources that bear no resemblance 
to sources that would be optimum for a commercial plant. Thus, it is 
still too early to make any realistic evaluation of potential markets, 
but if planned programs are actually carried out, we should be in a 
much better position to make such a realistic evaluation in 3 or 4 
years. 

The difficulty in extracting specific fission products and putting them 
ina usable form will be described in detail by Mr. Art Rupp, of ORNL, 
and have previously been described by Mr. Tomlinson. Suffice it to 
say that in my opinion Mr. Rupp and his coworkers have done an 
outstanding job in dev eloping techniques for preparing radioisotopes 
that should be of great value in any future fission pr oduct plant. How- 
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ever, the construction of future plants of this type will involve a very 
considerable cost. This cost will be balanced against a justifiable 
market demand, or against a sufficient improvement in the safety of 
waste storage at a particular site to justify the new practice. 

In either case, the justification will be very sensitive to the scale of 
the reprocessing plant, that is, one will have to be generating very 
large quantities of waste before utilization or reduction to sealed source 
form can be economically justified over some much simpler method of 

vaste handling. 

Table 1 lists also the approximate extraction efficiency necessary for 
each specific nuclide in a typical waste after 10 years of storage before 
it is permissible to discharge that typical waste into an average envi- 
ronment. These efficiencies reflect both the relative concentrations of 
the nuclides and their individual biological hazard. 

This is similar to the argument presented before you recently by Mr. 
Tomlinson. 

If one were interested in recovering some of these fission products 
for utilization purposes, a 99 percent recovery would still leave be- 
hind sufficient activity so that the wastes are essentially just as hazard- 
ous as they were before recovery was attempted. Particularly for the 
case of strontium 90, recovery in the order of 99.999999 percent would 
be necessary. This is equivalent to Mr. Tomlinson’s decontamination 
factor of 10 to the eighth. Also, in most cases the transuranics, amer- 
iclum 241 and plutonium 239, would be present in sufficient concen- 
trations to require continued storage of waste. Thus it appears to me 
that even if fission product utilization were to be extensively practiced, 
unless trace amounts of noxious materials are also removed to an ex- 
tremely high degree, utilization in itself could not be a solution to the 
waste disposal problem. Fission product recovery will have a bene- 
ficial effect on the waste disposal problem in this sense. By removing 
a large fraction of the fission products one removes the major source 
of heat generation in the storage tanks. Thus if fission product 
recovery 1s practiced, even though the residue from the recovery process 
probably cannot be discharged to the environment, the conditions for 
storing the residue become considerably less stringent than those re- 
quired for storing the original high level waste. It should be pointed 
out, however, that even if one were to package and make use of some 
of the hazardous long-lived materials like cesium 137 and strontium 
90, one would still face the problem of disposing of the radiation 
sources after they have become obsolete as a radiation device. 

What, then, is a reasonable approach to the problem, and what part 
will fission product utilization play ¢ 

At the present time there are four sites in the United States where 
fuel is being reprocessed both for the military production program and 
for the ee reactor program, i.e., Hanford, Savannah, Oak Ridge, 
and Idaho. In the foreseeable future it is unlikely that there will be 
more than, let us say, six such sites in the United States. In the past, 
through normal arma practice, once a single process has been put 
on a production basis, waste volumes have been reduced to a point 
where storage costs are a small fraction of plant operation cost. I 
suggest that, in time, when the power reactor program has stabilized 
and types of fuel elements have been standardized so that the fuel re- 
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covery process can be operated on a production basis, waste volumes 
from the power reactor program will also be reduced to the point 
where storage costs will be a small fraction of plant operation cost. If 
a major fraction of the fuel burned in this country is reprocessed at 
these six or more reprocessing plants, these sites will be the accumula- 
tors of a major fraction of the hazardous radionuclides generated. 

The form of these wastes, from the point of view of minimum 
storage cost at a reprocessing site, is not likely to be the optimum form 
from the point of view of waste utilization. They may, for example, be 
in the form of a neutralized sludge, or may be absorbed on clay, et 
cetera. 

I would not like at this time to propose what form these wastes 
should take, except to recommend that they be in a form considered 
safe for the particular conditions at that site by responsible individ- 
uals at that site and by responsible individuals in a regulating agency, 
for at least a single generation, and that they be in such form that 
each succeeding generation can make and carry out its own decision 
as to their disposition. For example, wastes can be stored cheaply 
and safely as neutralized sludges in monitored steel tanks for 20 years. 
Yet, at the end of that time, if some clever engineer has come up with 
some safer or more desirable and yet economic way of handling wastes, 
they can be transferred out of those tanks and converted to the new 
form. 

One still faces the problem of wastes generated at reactor sites with 
attached reprocessing plants such as some homogeneous schemes or 
some pyroprocessing schemes. For these, consideration should be 
given during site selection to the potential accumulation of long-lived 
nuclides. I would recommend also that consideration be given to 
the development of techniques permitting the safe transportation of 
long-lived hazardous wastes either to the six or so aqueous reprocess- 
ing sites, or to some other limited number of national repositories. 

Representative Hoiirietp. In other words, these sites should not be 
chosen carelessly; they should have this very important point in 
mind ? 

Mr. Manowirz. That is correct. The difference I am trying to 
point out here is between reactors which make use of solid fuel ele- 
ments which themselves can be shipped to a processing site, and the 
reactors which make use of some scheme whereby the reprocessing of 
cores is at that site itseif, 

These latter plants, then, will accumulate fission product rather 
than sending some fission product to another site where they will be 
accumulated. 

So site selection is more important for these sites if they do intend 
to accumulate fission products, than for the solid fueled reactor sites. 

Representative Honirtetp. They accumulate them. They have to 
take them out of the slurry in order to keep the homogenous type of 
plant running? 

Mr. Manowirz. Yes, they continuously remove them, but if they 
have an attached reprocessing plant then either they will store them 
there or transport them some place else. 

They transport them in this case in a form which is not as contained 
as it would be if you had them in a fuel element. 
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As time goes on, it is very likely that at these six or so major re- 
processing sites, plants and equipment will become obsolete or not 
needed for the major separation job, and thus will become available 
for fission product recovery. It is my understanding that this is the 
situation at Hanford today. Under these conditions it may be pos- 
sible to recover fission products on a very appreciable scale without 
too much of a first cost. This practice may then be justified on the 
basis of further developing the technology of fission product recovery, 
providing material for the development of fission product appliances, 
and on the basis of partially alleviating the waste disposal problem 
at that particular site. 

As far as fission product utilization is concerned, the uses of cesium 
137 and strontium 90 which tend to disperse them should be so con- 
trolled that these materials are in an extremely stable form, and in 
extremely safe containment. Uses requiring large quantities of 
strontium 90 and cesium 137 should be under particularly careful 
control and security, and should preferably be relegated to remote 
locations. On the other hand, under carefully controlled conditions, 
I would encourage the widespread use of the relatively safe and 
abundant radio nuclides like prometheum 147, krypton 85, ruthenium 
106, cerium 144, zirconium 95, barium 140, and iodine 131. In this 
way advantage can be taken of our potential radiation resources, at 
the same time minimizing the danger to our future generations. 

Mr. Chairman, I would like also to make some statement on the 
urgency of the waste disposal problem, reflecting some of the com- 
ments I have heard here from your committee and from previous 
witnesses. 

Qualified people can have different opinions in this area but it 
is my personal opinion that there is no immediate urgency to the 
waste disposal problem. It has been mentioned that there is a con- 
siderable amount of gallonage available for waste at existing sites. 

It must be remembered that a large fraction of the contribution 
to those waste tanks is from the weapons production program and 
that the power reactor program will contribute in my opinion, a 
relatively small fraction of waste to those volumes. 

It is my feeling that what is needed is more emphasis on a widely 
divergent research and development program so that we can get the 
ideas of anyone who has good ideas in this field rather than emphasize 
a crash program of any sort in any particular system. 

Representative Horirretp. In other words, you think the facilities 
that we have in being at this time are going to be sufficient to take care 
of the waste material ? 

Mr. MaNnowrrz. For some reasonable period of time. My under- 
standing is that the power reactor fuels from these 17 or 20 reactors 
we are going to construct in the relatively near future will probably 
be handled at existing reprocessing sites, in fact, even the Euratom 
fuels will be handled at existing reprocessing sites. 

Representative Hotirrep. That is true. 

Mr. Manowrrz. I don’t think there will be any immediate problem 
as far as waste storage is concerned. I don’t think even the Euratom 
systems will be any immediate problem. 

So that in terms of time I think no crash program is needed but 
we do need a lot more information on new techniques for ultimate 
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disposal of these wastes and new techniques for interim disposal off ] 
these wastes. tre 

Representative HoirreLp. I agree with you that we have enough the 
tankage at this time, probably, for the current production for possibly} | 
a period of 10 years. But this again will depend on the acceleration} ye 
of the reactor program. ret 

Of course, it takes 3 or 4 years to build a reactor. If we go into sx 
an accelerated program of reactor building, why it might cut that 108 on 
years down to 8 years or something like that. 10 

This is certainly not too soon to start research and development. e 

Mr. Manow!rz. No, sir; not at all. 

Representative Horirreip. I would agree with you what we need§ pu 
at this time rather than the building of extra plants which we willf un 
not need for 6 or 8 years or 10, we should get on with the research § pc 
and development program and coordinate it and find out where we 
are going. se 

On the other hand, if we can develop within less than that time a 
safe way of storing these wastes underground, in salt mines, abandoned § yc 
wells, or whatever it might be, why we can probably save a lot of 
money in the attempt to separate this material. 

Mr. Manowirz. Yes, sir, I could not agree with you more on that § ei 
either. 

Chairman DurHam. That is one of the main points. Of course, 
we started out with very little knowledge on this subject and we did§ m 
the best thing we could, but we want to get along and get a less ex- 
pensive program. vi 

I agree with you that research and development is the only way m 
you can arrive at it. 

Mr. Manowirz. That was a bit of diversion from the fission product § d 
utilization field. I would be happy to answer any questions you have § ¢ 
in that area. 

Chairman Durnam. You have made a very fine statement although 
a very technical statement. a 

Representative Hotirietp. You look with a dim view upon the value § | 
of the recovery as against the cost of recovery of usable isotopes? t 

Mr. Manowirz. No, sir. 

Representative HoxirreLp. You do not? V 

Mr. Manowirz. No, sir, I think some of these fission products will 
be recovered and on their own basis will be useful as a source of energy § | 
or source of radiation, but I don’t think that is going to have very § t 
much of an effect on waste disposal. | 

Representative Horirretp. That is true. You see no shortage of § | 
material either, in anticipation of the amount of recoverable, usable 
materials that might be in it; we certainly have no reason to think § | 
we are going to have a shortage and, therefore, we must preserve 
every gallon of this in the hopes that we will be able to use all the § | 






cesium and strontium that we might get out of it for peaceful 
purposes ? 

Mr. Manowirz. No. I think once again, that fission products par- 
ticularly, are going to face competition with other ways of doing the 


job that one is now considering for the use of these particular 
materials. 
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Representative Hotirretp. There is no use in considering this a 
tremendously valuable bank of usable materials for the future, is 
there / 

Mr. Manowirz. It all depends on the emphasis you put on tre- 
mendously valuable. I think this is a valuable bank that we should 
retain and for many reasons I think we should put these wastes in 
such places that we can get them out again when we want them, not 
only from the recovery point of view, but also from the long-term 
yotential hazard point of view. These things, I think, go hand in 
rand. 

Representative HoutrreLp. They certainly go hand in hand if you 
put them in a 20-year tank. If you are putting them in a salt cave 
underground that might last for a thousand years, why then that 
point 1s not so important, is it ? 

Mr. Manowrrz. That is right. My own opinion then would be, I 
see no need for putting them in a salt cave in the immediate future. 

Representative Houirtetp. Of course, if you put them in a salt cave 
you could probably recover it. 

Mr. Manowrrz. If you could, then I withdraw my objection. 

Representative Hoirrevp. If you store it in solids you could and 
even if stored in fluids it could be pumped out, could it not? 

Mr. Manowirz. I am interested only in the principle. 

Chairman Durnuam. You do not object to research on the salt 
mines ? 

Mr. Manowrrtz. No, sir. I think all of these avenues should be in- 
vestigated now from a research and development point of view and as 
many ideas as we have people that have ideas should be investigated. 

Chairman DurHam. You also emphasize the fact that the market 
development of these different products will probably face extensive 
competition from other things which can do the job just as well. 

Mr. ManowitTz. This is a hard world we are living in, yes, sir. 

Chairman DurHam. The reason I ask that question is that I read an 
article yesterday or the day before in some magazine where the head- 
line says everybody is going to get rich off atomic energy. I thought 
that was misleading. 

Representative Bates. Do you know when that plant at Stockton 
will become operational 

Mr. Manowitz. My understanding is sometime in 1960 is when the 
plant is to begin. I don’t know whether it will actually become opera- 
tional in that time. 

Representative Bates. What is the future of that type of thing as 
far as you can foresee now ? 

Mr. Manowirz. I can only give you my own opinion in that area 
based only on the reading I have done in that area. 

I think that in my own opinion once again, for the particular pur- 
pose that the Quartermaster Corps has, I am hopeful they are going 
to find very effective uses for radiation source. 

Representative Bares. That is a fact today, is it not? It is just a 
question of degree. 

Mr. Manowirz. I don’t think it is a fact today. It has yet to be 
demonstrated on an appreciable scale. 

Representative Bates. There are other factors like taste? 
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Mr. Manowrrz. All of these things have yet to be investigated and 
overcome. 

Representative Horirteip. As I understand it, that experiment has 
been minimized considerably. I understand they are not going ahead, 
that they have cut down considerably on that. 

Mr. Manowitz. My understanding is that they originally were 
thinking in terms of a reactor for doing this job. That has now 
changed and they are going to put in a radiation source made of cobalt 
60 for doing it, the so-called high intensity food irradiator. 

Chairman DvurHam. They went so far as to ask us for it and we 
authorized it. 

Mr. Manowitz. Yes. My understanding is that construction is 
starting or will soon start. I think this is a good opportunity for com- 
paring radiation source with high voltage machines since they are also 
going to put up a high voltage machine at the same site. 

Representative Bares. Does that switch have any effect on speeding 
this up at all? 

Mr. Manowirz. Yes, I think this particular operation will have an 
effect. It is the first opportunity for comparing production devices. 
Both the cobalt 60 device and the machine in this instance will be 
production devices. It will be the first opportunity for other people 
to realistically evaluate whether or not they can use devices of this 
sort for many types of radiation processes. 

Representative Bares. Do they expect this will only be used for 
major purposes or do they expect to resolve these into smaller units 
for smaller purposes ? 

In other words, right now it would be a relatively large operation 
for the Army. Do they ever expect it to be used for, say, a fishing 
yg ¢ Do you know whether or not their thinking has advanced that 

ar 

Mr. Manowrrz. I would not be able to answer that question. 

Representatives Bates. It would have to be made in a small package. 

Mr. Manowrrz. Yes. Depending on the specific application. I 
would not rule out small application as well as the large ones. It 
depends on the use you have in mind. 

Representative Bares. I said fishing vessels. 

Mr. Manowirz. You mean to sterilize fish, preserve them on the 
way to the market ? 

Representative Batrs. Yes. 

Mr. Manowrrz. I can say it is possible. Whether or not it is prac- 
tical, I don’t know. 

Representative Hourrtetp. Thank you, sir. 

Mr. Doan. Mr. Chairman, could I make a statement along this line? 

Representative HouirireLp. Certainly, Mr. Doan. 

Mr. Doan. First, with regard to the amount of available tank 
storage underground that we now have. This could be anything we 
want it to be just by putting in more tanks, so this places no limitation 
on anything. 

Next, with regard to the urgency of finding better methods of dis- 
posal, I would call attention to the fact that most of the waste solutions 
In storage now are much less corrosive than the processing solutions 
for the zirconium fuels that many of the power reactors are going to 
at the present time. The life of the tanks used to store zirconium 
wastes is going to be much shorter, so that we can’t live as comfortably 
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with long-time storage of zirconium solution wastes. We have to use 
better tanks, more costly tanks. 

Third, with respect to the utilization of the fission products in the 
waste solutions. There is a wide range of opinion on what we are 
going to be able to do with them. I would call attention to the fact 
that what we can now see in the way of practical applications of 
byproduct radioisotopes is only a mat fraction of what we will be 
able to see later. To draw a parallel with the oil industry, you will 
recall that not many years ago the gas produced along with the oil 
was a nuisance all over Texas and Oklahoma. One could see the gas 
flares burning the gas that the producers wanted to get rid of, so they 
could produce some oil. Today we have developed out of that same 
ges, which every one wanted to get rid of, a gigantic liquefied petroleum 
industry. 

We have turned gas into plastics and fertilizers; and many of the 
automobiles that roll down the highways today do so on synthetic 
rubber tires made from the same gas that was a nuisance only a few 
short years ago. 

Representative Hoxirietp. Thank you, Mr. Doan. 

I gather from your remarks that you are in the hope that there 
will be beneficial uses discovered in the next few years out of this 
material which we do not see at the present time. 

Mr. Doan. Yes, I think there is a good likelihood of that. 

Representative Hoxirrecp. Our next and last witness will be Mr. 
A. F. Rupp, for ORNL. 

Mr. Rupp, we are glad to hear from you. 


STATEMENT OF A. F. RUPP,® THE OAK RIDGE NATIONAL 
LABORATORY, FISSION PRODUCT PILOT PLANT 


Mr. Rupp. My talk is about a specific pilot plant that we built, 
rather than on this general subject. 

The radioactive wastes generated by the operation of nuclear re- 
actors are largely fission products which might more properly be 
called byproducts, since they are potentially valuable materials. The 
fission-product mixture contains many radioisotopes that have already 
been found to be extremely useful. The use of radioisotopes as 
tracers in research, for radiography and in medical therapy, are well 
known. 

While most of the work with radioisotopes up to the present time 
has been done with relatively small quantities of material (hundreds 
of curies), experiments on the pasteurization of foods, retardation of 
sprouting in vegetables and grain, sterilization of medical supplies, 
promoting of chemical reactions, and special heat-power sources indi- 


® Date of birth: Nov. 4, 1911. Place of birth: Lawrenceburg, Ind. Education: Grad- 
uated from Purdue University, 1933, B.S. Ch. E. Work history : 1933-40, J. E. Seagram 
& Sons, general chemical engineering. 1941-45, DuPont Co., research and development. 
Explosives, Manhattan project, Clinton Laboratories, and Hanford. 1946 to date, 
Oak Ridge National Laboratory, Union Carbide Nuclear Co., supervising design, develop- 
ment, and operation of high-level radiochemical processes ; reactor operations ; engineering 
and mechanical work, and inspection engineering. Present capacity: Superintendent. 
laboratory services. Publications: Contributing author to “Radioisotopes in Industry” 
(Rheinhold). Contributing author to “Progress in Nuclear Energy,” series III, vol. I, 
“The Preparation of Radioisotopes.” Contributing author to “Nuclear Engineering Hand- 
book” (Etherington), ‘‘Production of Radioisotopes.” Author of various papers published 
on the production of radiosotopes, handling radioactivity on large-scale separations of fis- 
sion products, and economics of byproduct sources. Member in societies: American 
Chemical Society, American Institute of Chemical Engineers. 
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cate that millions of curies of radioisotopes may be needed in the 
future. Market surveys are now being conducted by several com- 
mercial organizations to determine the probable market for fission 
products in the fairly near future. We do not as yet have complete 
results on these surveys. In order to test proposed processes, it was 
considered necessary to have reasonably large quantities of radioactive 
material, that is, thousands of curies. 

In other words, one of the reasons we wanted to go into pilot plant 
operations is that if you want to find out whether something is good 
for anything, you have to have something to test first; our motivation 
was different than disposing of waste. We were in the business of 
trying to make some useful material to check. 

About 10 years ago, work on a very small scale was started at ORNL 
to investigate methods for removing the important long-lived fission 
products from waste solutions produced in processing spent reactor 
fuel elements. At that time Cs'**, which has a 30-year half life and 
emits penetrating gamma radiation, was considered the most valuable 
fission product, although work was also done on the removal of 28- 
year Sr, 290-day Ce™*, 2.6-year Pm™’, 1-year Ru’, and 200,000-year 
Tc. In this case I am referring of course to the half life of the ma- 
terial. Because the original work was directed toward medical uses, 
it was decided to separate the fission products in as nearly pure form 
as possible. This decision has since proved valuable, as it also appears 
desirable to prepare industrial radiation sources in fairly pure form, 
The advantages of purified material are a reduction in loss of radia- 
tion energy by self-absorption, accurate knowledge of decay rates and 
radiation characteristics, and avoidance of mixing fission products of 
greatly differing toxicity (e.g.,Cs' and Sr®). 

After the recovery processes were taken through all stages of lab- 
oratory and semiworks development, construction of a full-scale pilot 
plant was started in 1955, and this small plant is now in first phases 
of operation (fig. 1). The nominal plant design is for an annual 
output of 200,000 curies of Cs"; other fission products will be sep- 
arated in varying amounts, depending upon the need for the products, 
the direction taken by the research program, and the characteristics 
of the waste feed material. 

The main objective of the fission product pilot plant (known as 
F3P) is to recover the six fission products previously mentioned and 
to fabricate useful kilocurie sources from the purified fission product 
compounds. For example, Cs’ sources are made by compressing 
pure, dry cesium chloride powder into pellets (fig. 2) and hermetically 
sealing them in stainless steel containers. Incidentally, we do that as 
a double encapulation. We made a source 314 years ago of this kind, 
which has been in a medical unit at ORNL and there has been no dif- 
ficulty whatsoever with it—no leakage of any kind. 

I brought along some material to give you an idea what this stuff 
looks like. Of course this is a stand in, it is not radioactive but it is 
the actual chemical material. This is what a thousand curies looks 
like. This is what it is like when pressed. 

Representative Price. Mr. Rupp, I don’t want to interrupt your 
statement, but during the first trip I ever made through Argonne back 
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Figure 1. View of chemical cells in fission product pilot plant. 
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in 1946 they had a project known as Redox. Is that an additional 
phase in experiments in recovery ? 

Mr. Rupr. No, that was a process developed for processing spent 
uranium fuel containing aluminum—a special process for recovering 
uranium from fuel elements. It does produce waste, though. It pro- 
duces a waste with aluminum in it that would have to be processed. 
It is not the same process. 
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FIGURE 2. 





Stainless steel encapsulated Cs 1837—Source for medical therapy. 






The main chemical separations are made by several series of precipi- 
tations performed on the highly concentrated liquid waste. The gross 
precipitation steps alone achieve a concentration factor greater than 
10 in the radioactive components of the waste (see fig. 3). By using 
reactions which have high individual yields and by felis back the 
small amounts removed in the tail end of the process to the main 
processing stream, good product recovery and decontamination of the 
waste stream are achieved. 











DISPOSAL 


= 
et 
N 
e 
— 
= 
— 
eB 
oO 
< 
o 
— 
= 
< 
o 
— 
4 
co 
> 
2 
Y 
= 
Z 
_ 


31S¥M xXO038 | 


‘OISBM 10}0B0I 


1999 Sv 
Biv wsdvINI 
ONv uO 
12ndoud #9 _ 


wO3u wNOW 
NOILVOIKO "HN 


aed 


NOLLINOIe 
INIZVEOAH 


ANBA0I3a is | 





NOLLVildID3ud 
%216%89 
42N00NsAR 
340108! ews BAVLIdID3ed 
NOLLMOS 202 
wy ay 
WOLLWZITIWLSABD 
WNOLL Wes 
NOLLVuvd3S 
Wn ay ONY $9 


NOLLNZITIWiSAMD 
WNOLL Vas 
WAOW34 

WY WNINONNY 


NOLLYZITIWISAWD-OD 
WN WOINOWAY 


Saas 
#4 01/0800 
On 191/062 
Son’Hn we” | 
S fonnwaes 


ene 


moij Sjonpoid uolssy Jo 


WOLLN TOS 
Md ABV 
HALIM INIGNOD 


NOLLNOS 
©4 ONY "YW 


GLLVNIWYLNOD 30 
4 
BAVLIdID3Ud 
*4 ONY 


mu ony #3 “SONH 
NOLLTIOS 
1 


"8 
04 031u3AN02 
49NGO0Ud “S 


1OHNEe 
BAVLIdID3uE 
*1005 


BiVildID3ed 
fons 


O 
BAVLIdID3ed 
"pms 


Himes 'O 2) HO 
BAVLIdID3Nd 
"1. 


uolyeindeg— € ANDO 


"0999 04 OINIDWD 
42NGOud #9 


*OUREH HALIM 3ZIOKO 
BLVLIdID3ud 
JOMOWOAH 5,99 


3304 *09'08 He 
BAVLIdIDINd 
3OIXOWOAH 3 


Sonn fon 
NOLLNIOS NOLL™MOS 
Fu ONV Ss ©s ONY" 


footone Sun ‘Oe He 
B1ViIdID3ed 
(7) SHLvV3 Juve 
ONY ’S 


SONM NI NOLLITIOS 42N0Oud NOISSU 


WNWwidn eo 
0319790819393 
49NGOud "Bw 


NOLL TIULSIO 
Yoru 


oun 
"ory O41 
NOILVOIXO My 


Sun ‘oe He 
BAVildiD3ue 
®40NV 8U 


(96.4) SADNOGOUS NOISSIS 
og nso ez 
fonn WOOP 

4708 JAveiNIINOD 


Tiswm Kaur 


xoaae ~ 
+ 
| 
| 
1 


HOON "OZ HE 
BLVLId 193d 
33 


BAVildI3ed 8H 





LLMOS 42N0OeeE NOISSIS ONY WW FTDAD3N 





2340 INDUSTRIAL RADIOACTIVE WASTE DISPOSAL 


I might mention here that we have worked chiefly on a waste called 
Purex waste which contains only the fission products, and nitric acid, 
which is volatile, and corrosion products; so we can evaporate it down 
to a very small volume before we start—the economies that one can 
make in such a process are tied up in steps of that kind. 

Representative Durnam. The evaporator contents remain stable? 

Mr. Rupr. You can take it down as much as 20 to 1 and still work 
with it. We are going to try to see how far down we can take it and 
still work with it. The main trouble is that we get too much heat 
produced. For example, in a centrifuge you get steam produced 
which blows the material off the wall and things of that kind. So 
we don’t know what the limitations are. 

While the F3P is primarily intended to demonstrate the recovery of 
relatively large quantities of individual fission products, it at the 
same time decontaminates the waste stream fed into the plant. This 
is illustrated in the following table, which gives rough estimates on 
the removal of the main radioactive components of the waste stream 
when the plant is operated to achieve maximum decontamination : 


Fission product plant decontamination of waste (using Purer waste) 


| | | 
Fission product ihe cita escent : | Cs137 Sr | Rare earths.| Ru 
(Decontamination factor (D.F.) ordinary recovery opera- | 108 30 | 
tions) | 
Extra precipitation steps, D.F eg i Ee | ee 
Ion exchange cleanup, D.F_-- shideioiees ‘ | 104 
Total D.F. possible 


| 10+... | 102 
1 terete 

| 3x10" | 100 
| 


I point out we are working here only with Purex waste. Ordinarily 
we would be concerned only with the recovery operations and would 
not try to put in the cleanup steps, but one could, and we have taken 
most of these processes through these cleanup steps and can get 
decontamination factors of this kind. The other speakers today have 
contended that this is uneconomical. We contend that in the case of 
one waste, Purex waste, it probably is not uneconomical. 

The figures here mean, if you use the total decontamination factor on 
cesium or strontium, if 10 billion curies are put through such processes, 
only 1 curie would come out in the waste streams. If the refined prod- 
ucts are compressed and doubly sealed by welding into convenient 
corrosion-resistant metal packages, the material can be used in irradia- 
tion devices or stored in isolated underground vaults where it can be 
kept under permanent surveillance. Should any of the packages de- 
velop leaks, as determined by radiation detection devices, the offending 
package can be removed for repair. In other words, we are advocating 
not putting all the eggs in one basket. We advocate putting them in 
packages, in individual containers in underground vaults, where you 
can keep an eye on them. While this method of concentrating to the 
minimum volume is of value to the waste disposal program, it is also 
expected that uses will be found eventually for a large portion of the 
radioactive material. If uses develop only slowly, the radioactive 
material is in safe storage and available for use when needed. 

It is instructive to note that the concentrated fission products can be 
stored in a relatively small volume. For example, the total weight of 
all the fission product elements resulting from the operation of a 
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1000-megawatt (heat) plant for 1 year is about 750 pounds. [f all 
these elements were separated and converted into chemical compounds 
(chlorides, oxides, or fluorides), then dried and compressed to a density 
of 3 g/cc, they would occupy a volume of about 5 cubic feet. The 
compounds of the two important long-lived isotopes, Cs'*? and Sr® 
would occupy less than 1 cubic foot when compressed to the maximum 
practical density. Since the total volume of waste from which the 
fission products were removed would be about 540,000 gallons, or 
73,000 cubie feet (natural uranium process waste), this represents a 
concentration of the volume in which the most toxic long-lived activi- 
ties are contained by a factor of about 10*. The quantities per year 
from the above 1000-megawatt plant are listed below: 


| | 
Element | Weight | Radioisotope Curies (after Compressed 
| (pounds) | 1 year) | volume (cubic feet) 


——! 





| 0.6 (CsCl). 
| 0.2 (SrF2). 


( 
| 0.05 (Ru Metal). 
| 0.05 (Pm20s3). 


| 


I brought along also some samples of the other materials just to 
give you an idea about what they look like. This is almost 2,000 
curies of cerium that is put in its final form (CeO,) sintered. 

As is the case with all radioisotope production at ORNL, the F3P 
is expected to produce refined fission products on a full cost-recovery 
basis, including depreciation, overhead, and allowance for other nor- 
mal business expenses, but allowing no credits for disposing of the 
waste processed. The prices recently set for fission products from 
F3P when purchased in fairly large quantities are as follows: 


5. 00 
1, 360/gram 
Source encapsulation and packaging charges are extra. While 
these prices are a factor of 10 to 100 lower than previous ones, it is 
expected that further reductions can be made when production in- 
creases beyond the pilot plant stage. If such a plant were operated 
mainly for waste Setent purposes, the fission products could be 
separated individually or in groups in fairly impure form, thus 
allowing a considerable reduction in cost. If the total amount of 
radioactive products from processing wastes from the 1,000-Mw re- 
actor were sold for an average of only 10 cents per curie, the gross 
income would be several million dollars per year—more than enough 
to pay the processing plant expenses. While we cannot predict that 
a market will develop for all the radioactive material produced from 
a large nuclear industry, it appears that a portion of it will be needed ; 
and the sale of these products may produce enough extra income to 
store the rest, particularly Sr®. 
Representative Hotirtetp. Thank you. 
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Mr. Rupp. If you would care to look at these samples, I will pass 
them around. 

Representative Horirreip. Are there any questions of Mr. Rupp? 

Representative DurHam. What you are actually doing in this ex- 
perimental program is to reduce the volume. . 

Mr. Rupr. We are taking it down as far as you can go; and, in sev- 
eral cases, for certain of uses we really do have to have it in this pure 
form. 

Representative Durnam. How much did you start out with in 
volume to begin with on that ? 

Mr. Rupp. That represents probably several thousand curies of 
strontium. It was several thousand gallons. 

Representative DurHam. What is the difference in curies? Can 
you estimate it in the volume you started with and what you wound 
up with? 

Mr. Rupp. In this particular case if we had taken it all through the 
process I mentioned with the ultimate waste disposal steps included, 
we would come out with roughly something like a millionth of the ac- 
tivity per unit volume that we started with, that is, in waste. 

Representative Durnam. Then. you lost curies on the way down. 

Mr. Rupp. No, a millionth of the original would be in the waste. 
The rest of it would be in the product somewhere. 

I should like to point out that there are many wastes. For example, 
Dr. Doan mentioned some very formidable wastes coming up that are 
very difficult to process. We have been concentrating on Purex waste 
and it would be good if all the wastes were that pure to begin with. 
It would certainly simplify the problem. 

Representative DurHaAmM. When you speak of Purex you are of 
course speaking of the nitric acid process. 

Mr. Rupr. That is right. It isa very good waste to work with from 
the standpoint of production of fission products. 

Representative Horirtetp. You picked the easiest one. 

Mr. Rupp. Yes, we picked the easiest one. It is a very tough prob- 
lem so we picked the easiest one to start with. 

Representative Duruam. Why did you pick nitric acid? 

Mr. Rupr. We didn’t pick that. The person who designed the 
uranium process for removing uranium from spent fuel picked that 
for what they call a salting agent instead of aluminum nitrate. 

Representative Durnuam. I was thinking of the effect of nitric acid 
on organic matter. 

Mr. Rupr. They don’t have trouble of that kind. It is not that con- 
centrated. 

Representative Durnam. Sulfuric acid ? 

Mr. Rupr. Sulfuric acid they don’t use much at all. There is only 
one process it has been considered in. 

Representative DurHam. It is the father of all acids that have been 
spoken of. 

Mr. Rupp. Indeed it is. 

Representative Durnam. What is that sample? 

Mr. Rupr. That is ruthenium plated on copper. I put that in to 
show you what could be done. That is electroplated. Ruthenium can 
be electroplated on a large surface that can be used as a beta source 





rob- 

the 
that 
acid 


con- 


only 
been 


in to 
1 can 
urce 


INDUSTRIAL RADIOACTIVE WASTE DISPOSAL 2343 


for sterilizing bandages, for example, things of that kind. We intend 
to make up sources of that kind. 

Representative Durnam. I suppose it is about as valuable as gold. 

Mr. Rupr. It is a seminoble metal. We are going to recover and 
store the ruthenium. In about 10 years it will all be decayed and 
we will take the palladium out of it. Palladium is valuable. There 
are several elements I don’t have exhibited because they don’t exist on 
earth in forms other than the radioactive ones. These are promethi- 
um and technetium. The only way I could have brought some of 
those would have been to have brought the real thing because they 
don’t exist on earth in a stable form. 

Representative Hoxirretp. Are there any further questions of Mr. 
Rupp? 

If not, we will resume our hearing in the old Supreme Court room, 
room P-63, on Monday, February 2 at 10 a.m. We will have a series 
of witnesses on this subject of future estimates and economics of 
waste disposal, and summary and evaluation of environmental factors, 
indectatil viewpoint and a roundtable discussion. On the 5th day 


we will continue and that should be the last day if we are able to get 
to the end of the witness list, otherwise we will have to carry over. 
Before we adjourn I have a paper which I will place in the record 
here. 
(The material referred to follows :) 


FIssIon ByPRopUcts UTILIZATION—OFFICE OF ISOTOPES DEVELOPMENT, U.S. 
ATOMIC ENERGY COMMISSION 


Objective of the Commission's isotope development program is to bring about 
widespread commercial scale use of radioisotopes and high-intensity radiation. 
Development of markets for multimegacurie amounts of fission byproducts 
and other high intensity radiation sources will be beneficial to the U.S. economy 
as a whole. It will not significantly alleviate the technical problems or re- 
quirements for ultimate waste disposal. At best, fission byproduct utilization 
wil defray only a very small fraction of waste storage costs directly. This is 
because (a) the multimegacurie quantities of fission byproducts required for 
commercial scale uses would still represent only a fractional percentage of 
total reactor effluents; (b) 100 percent removal of long-lived fission byproducts 
desired for industrial use, necessary to permit eventual environmental dis- 
posal of the shorter-lived constituents of reactor effluents, would be prohibitively 
expensive, and (c) industrially employed, long-lived fission byproducts ulti- 
mately will have to be returned to disposal channels after they have outlived 
their usefulness. Indirectly, however, increased national income resulting from 
fission byproduct utilization may more than cover the costs of waste storage and 
ultimate disposal. 

The program for high-intensity radiation development is twofold: (a) re 
Search and development work that will lead to large markets for megacurie 
sources, and (b) research and development work that will stimulate com- 
merical interest in supplying radiation sources (whether by chemical processing 
of fission byproduct wastes or through other techniques). 

Utilization development activities include investigation of (a) theoretical as- 
pects of radiation interaction with matter as they pertain directly to the gainful 
uses of radiation energy, (b) production and fabrication of radiation sources 
(radiation source technology) and design of radiation facilities (radiation en- 
gineering), and (c) specific radiation products and processes having commercial 
potential. 

Production development activities include investigation of (a) technology of 
fission byproduct separation, (b) market potentials for various fission byprod- 
ucts, and (c) problems directly related to integrating radiation processes into 
the national industrial complex. 
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These utilization and production development activities are being conducted 
by the AEC Office of Isotopes Development, at AEC National Laboratories, and 
through contract with private organizations, including the CEM group (Emerson 
Radio & Phonograph Corp., General Aniline & Film Corp., and Revere Copper 
& Brass, Inc.), Arthur D. Little, Ine., Radiation Applications, Inc., Battelle 
Memorial Institute, and William H. Johnston Laboratories, Inc. 

Suecess in the foregoing program should establish radiation processing in the 
chemical, plastics, pharmaceutical, food, and other industries on a sound tech- 
nological and economic footing. 


(Whereupon, at 4:15 p.m. Friday, January 30, 1959, the hearing 


was recessed, to reconvene at 10 a.m. Monday, February 2, 1959, in 
room P-63, the Capitol.) 
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MONDAY, FEBRUARY 2, 1959 


CONGRESS OF THE UNITED STATEs, 
SPECIAL SUBCOMMITTEE ON RapIATION, 
Jornt COMMITTEE ON ATOMIC ENERGY, 
Washington, D.C. 

The special subcommittee of the Joint Committee on Atomic Energy 
met at 10 a.m., pursuant to recess, in room F-63, the Capitol, Hon. 
Chet Holifield, chairman of the special subcommittee, presiding. 

Present : Representatives Holifield and Hosmer, Senators Anderson, 
Dworshak, : ind Aiken. 

Also present: James T. Ramey, executive director, David R. Toll, 
staff counsel, and Dr. Walton Rodger, technical consultant, Joint 
Committee on Atomic Energy. 

Representative Hotirrevp. This morning the Special Subcommittee 
on Radiation is continuing these public hearings on industrial radio- 
active waste disposal. Last week we received statements on the PWR 
reactor. Then we received testimony from scientists carrying out 
the research and development program, both with respect to low- 
and intermediate-level waste, and high-level waste. 

This morning we are scheduled to hear Dr. Bruce on future estimates 
and economics of waste disposal, and then from five leading authori- 
ties to summarize and evaluate the possible effects of future quantities 
of radioactive waste on man and his environment. If the time per- 
mits we hope to have a roundtable among the various experts to 
bring out points of agreement and disagreement, and exchange of 
ideas. 

Our first witness this morning is Dr. Frank R. Bruce, of the Oak 
Ridge National Laboratory. We are glad to have you with us this 
morning, Dr. Bruce. Would you please come forward and proceed ? 


STATEMENT OF DR. FRANK R. BRUCE,' OAK RIDGE NATIONAL 
LABORATORY, OAK RIDGE, TENN. 


Dr. Bruce. Mr. Chairman, committee members, changing emphasis 
from the production of fissionable material for weapons purposes to 
the use of fissionable material for power generation is accompanied 
by a corresponding change in the nature and magnitude of the waste 
treatment and disposal problems anticipated. These problems stem, 


1 Born in Beverly, Mass., Feb. 9, 1919. He obtained the bachelor of science degree in 
chemistry from Tufts College in 1942. Since 1943, he has been associated with the Oak 
Ridge National ener and is associate director of the chemical technology division. 

y 


His experience is primarily concerned with the research and development of separations 
processes for uranium, plutonium, and fission products. He is also an editor of ‘Process 
Chemistry,”’ a volume of the “‘Progress in Nuclear Energy” series. 
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first, from the fact that power reactor fuels are designed for extreme 
corrosion resistance and must be dissolved in highly corrosive reagents 
prior to chemical processing; second, the rapid growth of the nuclear 
power industry will result in very large quantities of waste over the 
long term. Finally, it is desirable to carry out fuel reprocessing and, 
if possible, waste disposal operations near the centers of power con- 
sumption, which are expected also to be centers of high population 
density. The purpose of this paper is to assess some of the elements 
of waste treatment and disposal that are expected to become im- 
portant in the development of the nuclear power industry of the 
future. 
GROWTH OF THE NUCLEAR POWER ECONOMY 


The magnitude of the waste disposal problem of the future depends 
on the size of the nuclear power economy. For the purpose of this 
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FIGURE 1.—VDredicted power growth and fuel reprocessing capacity. 


study the estimate of J. A. Lane, (1) shown in figure 1, is used pri- 
marily because it falls close to the average of all estimates. Aecoedal 
to Lane, about 33,000 megawatts of nuclear heat will be installed by 
1970 and nearly 300,000 megawatts by 1990. By the year 2000, about 
700,000 megawatts will be installed. These figures established the 
quantities of fission products that will be produced and that must 
be stored. 

It is expected that natural or slightly enriched power reactor fuels, 
on the average, will be irradiated to a level of about 10,000 megawatt 
days per ton of uranium, at which time they will be reprocessed for 
recovery of residual fissionable material. The quantity of fuel that 
must be reprocessed, also shown in figure 1, determines the volume 
of waste produced. In 1970, fuel will be processed at the rate of 3.3 
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tons per day, in 1990 at 30 tons per day, and by 2000 at 70 tons per day. 

F. L. Culler has described the aqueous processing techniques in use 
for current fuels and has presented the available information on the 
newer techniques, including pyrometallurgical processing and _fluor- 
ide volatility, which may become important in the future. In this 
discussion it is assumed that fuel dissolution by aqueous methods and 
solvent extraction of the solution will be used. 


COMPOSITION AND QUANTITIES OF WASTE ANTICIPATED 


The chemical composition and volume of waste produced by the 
nuclear power industry will be determined by the processing technique 
used, which, in turn, will be determined by the fuel composition. In 
this study it is assumed that the power reactors of the year 1980 will 
fall into the grouping shown in table 1. Ten percent of the total 
power is assumed to be produced by breeders and 90 percent by con- 

verters. Of the 10 percent produced by breeders, 5 percent is ex- 
pected to be derived from fast breeders using stainless steel-clad fuel, 
and 5 percent from homogenous breeders. Of the 90 percent produced 
by converters, 40 and 25 percent are expected to come from reactors 
using zirconium-clad uranium fuels and stainless steel-clad uranium 
fuels, respectively 20 percent from thorium converters using Zirco- 
nium-clad fuel and 5 percent from thorium converters using ‘earbon- 


clad fuel. 


TABLE 1.—Assumed distribution of reactor types in 1980 





Percent of 
Reactor type Fuel nuclear 
power 
Breeders | 
Fast 4 , eis Stainless steel clad....................- 5 
Homogeneous. - - Sinead ae pS eee ieitareaolanas eats 5 
Converters 
Uranium ; oak 5 oil die PEIN icra cetera catenin 49 
Stainless steel clad__._- ccetaetlacatiatdean 25 
Thorium f Licntmuaatweek soa OI ie nese tdi whee 20 
Carbon clad__-.._- a bateerinas died 4 
Total... ake ee ee ee a Se on 100 


COMPOSITION OF POWER REACTOR FUEL WASTES 


Table 2 shows the important constituents in the anticipated wastes 
(3) from the processing techniques that will be used for the recov- 
ery of spent reactor fuel. These processes are under development but 
are ready to be demonstrated on an engineering scale. The techniques 
now used for the present aluminum-clad uranium and aluminum- 
uranium alloy fuels have already been described. The point I should 
like to make from this table is that in the case of the stainless steel- and 
zirconium-clad uranium dioxide fuels, the approach is to remove chem- 
ically the jacketing material, stainless steel, and zirconium. The core 

material, uranium dioxide, is then dissolved in nitric acid. From this 
type of natural uranium and slightly enriched uranium fuel we then 
have two types of waste: (1) a waste from the jacketing material; 
and (2) a waste from the core material. The radioactivity associated 
with the decladding solution is about 1,000 times less than the radio- 
activity associated with the high-level waste. However, there is still 
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sufficient radioactivity associated with the decladding solution that it 
must be handled as a high-level waste. 

In the case of the zirconium-uranium alloy fuel, the entire fuel is 
dissolved together, since the two are intimately mixed. The same is 
true of the stainless steel-uranum dispersion fuels. 

The wastes expected from power reactor fuels differ from current 
wastes mainly with respect to their content of dissolved stainless steel, 
zirconium, and fluoride, but they will be less amenable to tank storage 
than are the simpler wastes resulting from present-day processing of 
aluminum-clad uranium or uranium- -aluminum alloy. Present w ‘aste 
disposal practice usually entails neutralization of waste with caustic 
prior to storage, but solutions of stainless steel, zirconium, and alu- 
minum form voluminous precipitates on neutralization. The high 
heat generation rate anticipated in power reactor wastes and the pres- 
ence of precipitates may require special provisions to remove heat and 
to prevent bumping if the wastes are stored in tanks. In addition, the 
reagents used to dissolve the power reactor fuels create serious corro- 
sion problems in the long-term storage of the wastes. 




















TABLE 2.—Composition of wastes anticipated from various types of reactors 
































Fuel type Decladding solution High-activity waste 


Natural U: 
Aluminum-clad U NaAlOz, 1.2 M_.._- ......| HNOs, 2 M. 
Stainless steel-clad UO, (Fe, Ni, Cr) SOx,, 80 g/ Niter___- | HNOs, 2 M. 
Zirconium-clad UO: ‘ ; Zr**+, 0.5 M: NH*,, 1.5 M F-, 3.7 | HNOs, 2 M. 
M; NO>3, 0.6 M. 
Enriched U: 
Aluminum-uranium alloy Si Barc .......| HNOs, 1.3 M 
| AI(NOs)s, 1.6 M 
Zirconium-uranium alloy ’ .| HNOs, 3.2 M 
Zr++, 0.8 M 
NH,4F, 1.8 M 
Stainless steel-uranium cermet i ‘csitbetariicakcnaica aioe | Stainless steel, 50 g/liter 
| Al(NOs3)s3, 0.12 M 
| HNOs, 3 M 


QUANTITIES OF HIGH-ACTIVITY WASTE EXPECTED 


Table 3 shows the volume of waste anticipated from the various 
power reactor fuel types. The magnitude of the future waste dis- 
posal problem depends on the direction of fuel development, with 
the addition of alloying elements increasing the volumes of waste that 
must be stored, as well as on chemical processes used to recover the 
irradiated fuel. In the case of the natural or slightly enriched fuels, 
the volumes of waste to be stored are generally much lower than for 
the highly enriched fuels. This stems from the fact that in the 
former fuels, uranium 238, present as a diluent for the uranium 235, 
is extracted out of the waste stream in fuel reprocessing. In the case 
of the highly enriched fuels the diluent, a nonradioactive alloying 
material which is usually present, remains with the waste stream and 
contributes to the disposal problem. 

Present indications are that the uranium oxide and mixed uranium- 
thorium oxide fuels will be widely used. This is the type shown here. 
This type yields roughly tenfold less waste volume per unit of heat 
extracted than an alloy fuel such as that used in the naval reactors 
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TABLE 3.—Volume of waste to be stored from power reactor fuels 


Waste volume, gallons 
| 
Fuel type | 
Per kilogram | Per mega- 
of uranium | watt-day 


Natural or slightly enriched: 
Aluminum-clad uranium 
Stainless steel-clad UO:.- 
Zirconium-clad UO, 

Highly enriched: 
Aluminum-uranium alloy - - - 
Zirconium-uranium alloy --- 
Stainless steel-uranium cermet- 





® 0.06 gallon is high- activity waste; the balance is duhebiing: 


Figure 2 shows the waste volumes that will be accumulated in the 
future. By the year 1980, 36 million gallons of waste will have been 
accumulated. By way of comparison, it has been reported that at 
the Hanford site about 50 million gallons of waste is stored in under- 
ground tanks. Thus, it appears that even by the year 1980 the wastes 
accumulated from the nuclear power industry will be much less than 
the volume now stored at Hanford. 
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FIGURE 2.—Accumulated volume of high and intermediate level waste. 

Prospects for markedly decreasing the volumes of waste resulting 
from power reactor fuels lie in two areas. First, mechanical process- 
ing methods are under development for separating cladding agents 
from fuel cores. Since chemical dissolution of cladding contributes 
the largest fraction of the volume to be stored, the mechanical tech- 
niques, if perfected, will result in a marked reduction in waste volume. 
Secondly, methods for converting power reactor wastes to a solid 
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form prior to storage are being studied. In the case of a zirconium- 
clad uranium dioxide fuel, which produces about 1,460 gallons of waste 
to be stored per ton of fuel, the stored volume could be reduced to 25 
gallons per ton by conversion of the waste toa solid. Not only would 
this process reduce the volume of waste to be stored, but it would also 
eliminate the bumping and corrosion problems associated with the 
storage of the waste in liquid form. At the same time, storage of 
liquid waste introduces new problems of heat removal and evolution 
of radioactive gases. 

The combination of the high toxicity of the fission products and 
their expected production in very large quantities in the nuclear 
power industry makes it essential that methods for their containment 
be absolutely safe. Figure 3 shows the accumulated radioactivity 
resulting from the predicted nuclear power industry (4). A feeling 
for the magnitude of the hazard potential associated with the waste 
may be obtained by considering the following. By the year 1980, 
10 billion curies of activities will be stored; 800 million curies of 
strontium 90 will be contained in 36 million gallons of solution. 
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Fieure 3.—Accumulated radioactivity. 
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GASEOUS WASTES 


Fission product gases appear in the off-gas system from fuel re- 
processing plants. The only important one from the standpoint of 
long-term waste disposal is krypton 85, which has a 10-year half life. 
Iodine 131 is by far the most significant when short-decayed fuel is 
processed. Although processes are currently in use to remove iodine 
from chemical plant off-gas systems, the present techniques probably 
do not achieve complete enough removal to permit locating chemical 
plants in congested areas. Further process development is required 
in this regard. 

Although the hazard associated with krypton is slight, its con- 
tinued buildup necessitates developing methods for removing it from 
power reactor fuel reprocessing off gases. By the year 2000, 700 
megacuries of krypton 85 will have been released to the atmosphere 
(5). This quantity mixed with the air surrounding the earth to 
a height of 10 miles would increase the background by 4.2 percent 


assuming that the air background is now 0.015 milliroentgen per 


hour. While it appears that the release of rare gases to the atmos- 
phere may be permissible during the early stages of the nuclear power 
industry, it will eventually be necessary to remove the rare gases 
from chemical plant waste and retain them for decay. 


TRANSURANIC ELEMENTS (6,7) 


The recycle of power reactor fuel will result in the production 
of transuranic elements which are only less important as hazards in 


long-decayed waste than are strontium 90 and cesium 137. The most 
important of these heavy elements are americium 241, plutonium 238, 
239, and 240, and curium 242. The quantities of these elements ex- 
pected to be accumulated in the waste system by 1990 are: 


Americium 241 4.8 by 10° curies. 
Plutonium 238 3.3 by 10° curies. 
Plutonium 239 and 240 1.2 by 10° curies. 
Curium 242 1.4 by 10° curies. 


They become important in waste from power reactor fuel because 
the fissionable material is recycled, with resulting buildup of the 
higher isotopes. Plutonium 238 is formed by successive neutron 
capture by uranium 235 and 236 and neptunium 237. Plutonium 
239 is used as a fuel itself, and captures a neutron to produce pluto- 
nium 240. Americium 241 results from plutonium 240 capturing a 
neutron and decaying to americium 241. Curium 242 arises from 
americium 241 capturing a neutron and decaying to curium 242. 

The quantities of plutonium isotopes shown above assume a 0.1 
percent plutonium loss in fuel reprocessing. The chemical behavior 
of americium and curium is similar to that of the rare earth fission 
products, and they appear in the waste stream. Any program aimed 
at treating wastes for hazards removal prior to discharge to the en- 
vironment must take cognizance of the transuranic elements as well 
as the fission products. Since the process chemistry of americium 
and curium in waste solutions has been relatively little studied, the 
problem may be a formidable one. 
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LOW-ACTIVITY WASTES 


Fuel reprocessing operations produce large quantities of low-activ- 
ity wastes. These wastes are now dispersed to the environment in 
remote areas, but such dispersal will probably not be feasible in 
heavily populated sections where central fuel reprocessing plants are 
likely to be located. If these wastes are stored, their large volume 
will adversely affect the economics of nuclear power. It is hoped that 
it will be possible to recycle essentially all this low-activity waste 
within the chemical plant, thereby minimizing the volume to be dis- 
posed of. 


DISTRIBUTION OF RADIOACTIVITY IN THE POWER REACTOR COMPLEX 


A study has been made of the distribution of accumulated radio- 
activity over the power reactor complex, which consists of the reactor, 
decay storage prior to chemical processing, and, finally, waste storage 
(5, 7). The results show that the waste disposal system will contain 
the bulk of the long-lived, hazardous radioactivity produced by the 
power industry. In the case of cesium 137 and strontium 90 expected 
to accumutate by the year 2000, about 4 percent will be in the reactors, 
7 percent in fuel decay storage, 1 percent in the chemical reprocessing 
plant, and 88 percent in the waste-disposal system. 


ECONOMIC IMPLICATIONS OF WASTE DISPOSAL (8-10) 


Tank storage: In order to assess the significance of waste disposal 
cost in the produc tion of economic nuclear power, let us assume that 
power is to be produced for 8 mills per kilowatt-hour of electricity 
and that 2 percent of this cost, or 0.16 mill per kilowatt-hour may be 
allocated to waste disposal. Figure 4 shows the allowable waste dis- 
posal cost as a function of fuel ‘burnup and waste volume per ton of 


Power cost allocated to f 


waste disposal = 2 % =O.16 ills. 





ALLOWABLE DISPOSAL COST, $/gal 


4000 
BURNUP , Mwd (heat) per ton 


FicurRE 4.—Allowable waste disposal cost. 
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fuel. It now seems likely that the expected power reactor fuels will 
achieve burnups of about 10,000 megawatt-days per ton and that the 
volume of high-level waste produced will be 1,200 to 1,300 gallons 
yer ton. Under this set of assumptions, we can afford to spend about 
$8 per gallon for waste disposal. 

In current practice, tank storage of high-level, neutralized waste 
from aluminum-clad uranium fuel varies from 40 cents to $1 per 
gallon, depending on the tank design (3). Therefore, power cost allo- 

cated to high-level waste storage may be about 0.02 mill per kilowatt- 

hour. It seems apparent that the difference between the current cost 
of high-level waste storage and the amount which may be allocated 
to waste disposal, namely 0.14 mill per kilowatt-hour, is more than 
sufficient to treat and dispose of the low-level waste. 

It is obvious that the initial cost of waste storage in tanks does not 
contribute greatly to the cost of nuclear power. However, since steel 
tanks have a finite life and will have to be replaced many times, it 
is not now possible to assign a realistic cost to tank storage as a method 
of ultimate waste disposal. 


IMPACT OF RADIOACTIVE WASTES ON FUEL REPROCESSING PLANT LOCATION 


The cost of shipping liquid waste from a central fuel reprocessing 
plant to an ultimate storage site is not prohibitive. However, this 
practice requires the transit of such large quantities of waste that it 
raises questions of safety. In order to “achieve freedom in loe: ating 
fuel reprocessing plants in the optimum location, attention must be 
given to possibilities of converting wastes to a safe form for storage 
and to safeguarding against atmospheric contamination. 

Power reactor fuel reprocessing studies indicate that attaining 
reprocessing charges which are c onsistent with economic nuclear power 
requires 2 minimum plant capacity of 6 tons of fuel per day (11, 12). 
Thus, a central reprocessing plant will service many reactors. In order 
to minimize fuel shipping costs it is desirable to locate the plant cen- 
trally with respect to the reactors. Two sites appear attractive for 
early location of a fuel reprocessing plant: one on the Ohio River and 
the other on the Great Lakes, perhaps between Cleveland and Buffalo. 
Both these areas are heavily populated and the hazard associated with 
storage of large quantities of fission products has stimulated consid- 
eration of waste shipment to permanent disposal in salt beds. The 
magnitude of the waste shipment problem anticipated in the year 1980 
is shown by the following values: 


2000 





Number of carriers in transit - | 505 3, 270 
Probable carrier weights, tons__- 6 | 6 
Volume of waste in transit, gallons- __- = 227, 000 | 1, 470, 000 
Amount of fission products in transit, curies_ | 1.5X 105 9.8X 105 


In this study, (13) it was assumed that wastes were shipped a dis- 
tance of 500 miles after 2,000 days’ decay, the decay time which mini- 
mized the combined decay storage costs and shipping costs. Under 
these conditions, the total cost for dec: ay storage and shipping 500 
miles was about $1.80 per gallon, or 0.04 mill per kilowatt-hour Fein 
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tricity. This liquid waste disposal requires transit of such large 
quantities of waste that it raises questions of safety. In order to 
achieve freedom in locating fuel reprocessing plants in the optimum 
location, attention must be given to the possibilities of converting 
waste to a safe form for storage or shipping. 


CONCLUSIONS 


The abe ary nuclear power industry will produce large quanti- 
ties of spent fuel, containing fission products. It is ec onomically de- 
sirable to recover the fissionable and fertile material from this fuel 
in central reprocessing plants which should be located near the centers 
of power consumption and population. This will necessitate develop- 
ing improved methods for removing iodine from off-gases, and over 
the long-term future, krypton 85, also. 

Tank stor age of power reactor fuel wastes will be complicated by 
their content of dissolved zirconium, stainless steel, and fluoride ion, 
The initial cost, 0.02 mill per kilowatt-hour, of storing power reactor 
wastes in tanks is not economically significant, but this storage method 
does not represent a permanent solution to the problem. In addition, 
storage of large quantities of liquid waste near centers of population 
must be examined from a safety standpoint. The alternative of ship- 
ping liquid wastes from the fuel reprocessing site to another location 
for disposal is not prohibitive costwise, but involves movement of such 
large quantities of radioactivity that questions of safety are raised. 

Research and development on waste disposal methods for the power 
reactor industry should be concentrated on devising improved methods 
for discontaminating off-gases and on conversion ‘of wastes to a more 


suitable form than the liquid for storage. The indications are that, 
with adequate development, these objectiv es can be attained at a cost 
commensurate with economic nuclear power. The disposal pro- 
cedures resulting are expected to be sufficiently safe to make waste 
disposal nonrestrictive in the location of fuel reprocessing plants. 

I thank you. 

(The references in the foregoing statement are as follows :) 


(1) J. A. Lane, “Determining Nuclear Fuel Requirements for Large-Scale In- 
dustrial Power,’ Nucleonics 12(10), 65 (1954). 

(2) E. D. Arnold, A. T. Gresky, J. O. Blomeke, W. DeLaguna, E. D. Struxness, 
“Compilation and Analysis of Waste Disposal Information,” ORNL—CF-57-2-20 
(Feb. 11, 1957). 

(3) O. H. Pilkey et al. “The Storage of High Level Radioactive Wastes: 
Design and Operating Experience in the U.S.,” Second International Conference 
on Peaceful Uses of Atomic Energy, Geneva, 1954. Paper 389. 

(4) J. O. Blomeke, M. F. Todd, “U-235 Fission Product Production as a 
Function of Thermal Neutron Flux, Irradiation Time and Decay Time,” ORNL- 
2127 (Oct. 1, 1958). 

(5) E. D. Arnold, unpublished calculations and estimates, Oak Ridge National 
Laboratory. 

(6) J. O. Blomeke, “The Buildup of Heavy Isotopes During Thermal Neutron 
Irradiation of Uranium Reactor Fuels,” ORNL—2126 (Dec. 20, 1956). 

(7) E. D. Arnold, “Effect of Recycle of Uranium Through Reactor and Gase- 
ous Diffusion Plant on Buildup of Important Transmutation Products in Irra- 
diated Power Reactor Fuels,” ORNI-—2104 (Aug. 21, 1956). 

(8) H. R. Zeitlin, J. W. Ullmann, “Economics of Waste Disposal,” Nucleonics 
15(1), 58-62 (1957). 
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(9) E. D. Arnold, “Certain Aspects of the Economics and Hazard Potential of 
Radioactive Waste Disposal,” paper presented June 11, 1957, American Nuclear 
Society, Pittsburgh. 

(10) H. R. Zeitlin, “Economic Requirements for Radioactive Waste Disposal 
in a Nuclear Power Economy,” ORNL-CF-55-6-152 (June 9, 1955). 

(11) F. L. Culler, “General Economics of Chemical Reprocessing for Solvent 
Extraction Processing,” ORNL-CF-57-4-100 (May 20, 1957). 

(12) C. E. Guthrie, “Radiochemical Reprocessing Costs in an Expanding Nu- 
clear Economy,”’ ORNL—CF-58-11-69 (Nov. 20, 1958). 

(13) F. L. Culler, “Comments on the Transportation of Irradiated Fuel and 
Radioactive Wastes,” ORNL-CF-—57-—5-24, pp. 4-16 (May 6, 1957). 

Representative Hottrretp. Thank you, Mr. Bruce. 

Mr. Tou. Dr. Bruce, the other witnesses have indicated that they 
believe, or some of them at least have assumed, that the chemical 
processing plants would be located far removed from populated areas. 
As I understand your paper, you believe that if the gaseous discharge 
and waste disposal problems could be brought under control, it would 
be best to locate these plants near populated areas in order to cut down 
on transportation costs. 

Dr. Bruce. This is my feeling. However, if one does not find an 
adequate solution to the problem of safely storing the very large quan- 
tities of waste that will be produced, it may be necessary to locate the 
chemical plants in a remote area. The disadvantage of this is that it 
involves the shipping of the fuel elements for rather extensive dis- 
tances, and this, of course, contributes to the cost of nuclear power. 
On the other hand, if one examines the cost of shipping fuel elements, 
just as we have here examined the cost of shipping waste, it can be 
shown that the cost of shipping fuel elements is not a really large item 
in the cost of nuclear power. 

So I think that one would not make a very, very strong argument 
for locating the chemical plants in centers of high population density. 
However, there is incentive to do so if all the problems attendant to 
this are solved. 

Dr. Ronerr. Dr. Bruce, you said this in your paper. I think it 
would be well to emphasize that in obtaining the value of 0.02 mill 
per kilowatt-hour, you were assuming a burnup of 10,000 megawatt- 
days per ton. On the basis that we are operating today, these numbers 
would be at least a factor of 10 higher. In some respects we are solv- 
ing the waste disposal problem by solving the fuel element problem. 

Dr. Bruce. Yes. ; 

Dr. Ropeérr. In line with your comment concerning the cost of the 
transportation, when you come out with the number of 0.04 mill per 
kilowatt-hour for shipping and 0.02 mill per kilowatt-hour for storage, 
one may probably conclude that, even shipping as short a distance as 
500 miles, the cost of shipping might be twice the cost of waste disposal. 

Dr. Bruce. This is true if you are willing to consider tank storage 
as waste disposal. If, on the other hand, one assumes that the cost 
of tank storage should be regarded as a dollar per gallon per year 
figure, which goes on and on and on for many hundreds of years, then 
the cost of tank storage may be a very large item. 

Dr. Ropcrr. Yes, the allowable figure you mention of $8 per gallon 
for the total cost of the entire operation would roughly be eight times 
this amount. ; 








2356 INDUSTRIAL RADIOACTIVE WASTE DISPOSAL 


Dr. Bruce. Yes. 

Dr. Roperer. Thank you. 

Mr. Tou. If one puts primary emphasis on safety, as I suppose all 
of us would, which would you say was the greatest safety hazard, the 
shipping of solid fuel elements, or the location of chemical processing 
plants involving high-level liquid wastes in highly populated areas? 

Dr. Bruce. I would say that the greater hazard is associated with 
the fuel reprocessing plant located in a highly populated area and stor- 
ing liquid wastes. I think for this reason that there is great incentive 
to develop safer methods for storing these wastes than in the form of 
liquids. It is possible to visualize many schemes which appear to be 
extremely safe for handling these materials even in highly populated 
areas. 

Representative Ho.irretp. Thank you, Mr. Bruce. 

The next witness is Mr. H. M. Parker of Hanford. 


STATEMENT OF H. M. PARKER,? MANAGER, HANFORD 
LABORATORIES, RICHLAND, WASH. 


Mr. Parker. Mr. Chairman, my name is H. M. Parker. I am 
employed by the General Electric Co. at the Hanford atomic products 
operation in Richland, Wash., as manager of the Hanford Labora- 
tories. 

tn an earlier part of these hearings I was privileged to present to 
you an account of the waste management operations of the General 
Electric Co. at the Hanford plant. 

In the present case it is intended that these speculations on the 
future problems in waste disposal be primarily personal views, not 
necessarily reflecting the best balanced judgment of any organization. 

The first requirement is to categorize the future magnitude of the 
wastes. Various projections of the growth of a nuclear power in- 
dustry have been made. I shall use that of J.A. Lane (“Determining 
Nuclear Fuel Requirements for Large-Scale Industrial Power,” 
Nucleonies (12(10), 65, 1954) and the additional calculations made 
by F. L. Culler, Jr., and S. W. McLain for the Committee on Disposal 
and Dispersal of Radioactive Wastes of the National Academy of 
Sciences—National Research Council (“Status Report on the Disposal 
of Radioactive Wastes,” ORNL-CF57-3-114 rev., June 25, 1957). 
All these numbers will be in agreement with those just presented by 
Mr. Bruce. 

The projection gives— 

‘or 1970, nuclear power (heat) : 33,000 MW. 

For 2000, nuclear power (heat) : 700,000 MW. 
For 1970, high activity waste: 5 to 20 million gallons.* 
For 2000, high activity waste: 200 to 1,000 million gallons.* 

To the present time, the Hanford plant has stored about 50 million 
gallons of high-level waste. We can assume, for the present purposes, 
that high-activity wastes and high-level wastes in these two contexts, 
while far from identical, are of the same general nature. 


2See p. 159. 


* Based on 820 gallons per ton of spent fuel at exposures of 2,000 to 10,000 megawatt: 
days per ton. 
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Assuming the accuracy of these predictions, the total national stor- 
age requirement originating from nuclear power will be only 10 per- 
cent to 40 percent of Hanford’s demonstrated storage by 1970. _ 

Probably it will be between 20 and 25 years before the national 
storage demand from nuclear power onda the present demand at 
Hanford. This is greater than the length of time during which a 
significant radioactive waste disposal problem has existed. 

Knowledge of the factors involved in waste disposal has grown sig- 
nificantly in the last 10 years. I am confident that American science 
and technology can easily keep pace with the need during the next 
quarter century. 

By the year A.D. 2000 the national storage requirement from 
nuclear power is projected to be 4 to 20 times that of Hanford today. 
The storage and manipulation of such a quantity in tanks at one loca- 
tion or at a number of carefully selected locations would be quite 
feasible. 

It is usually assumed that control of the main mass of fission-product 
wastes is the determining feature in waste disposal. If this is cor- 
rect, it follows that there is no insuperable problem in control by stor- 
age alone for the next 40 years. That superior methods, such as bind- 
ing of wastes in ceramics, or other more permanent forms of retention, 
will not be in place, and in place economically, in this period, is 
inconceivable. 

In this broad look at the storage of the main radioactive wastes, 
details of changes in those wastes Sani about by changes in reactor 
technology are relatively insignificant. Some of the likely changes 
may help and others hinder disposal. Foreseeable changes in chemical 
reprocessing are generally in the direction of smaller volumes of waste, 
reduction to dry, nonleaching, nonpowdering forms, and eventually to 
elimination of aqueous intermediate forms. All these should tend to 
alleviate the waste management problems. 

The potentially significant waste disposal problems up to A.D. 2000 
become— 

1. Incidental, more or less regular, releases of radio-active 
material to the environs during fuel processing, reactor opera- 
tion, or chemical reprocessing. 

2. Incidental leaching or relocation of small fractions of major 
wastes nominally immobilized. 

3. Substantial accidental, sporadic, or irregular releases of 
various kinds. 

We shall consider only the first category. The estimated increase 
in storage demand is in the range of 4 to 20. Consider the effects of 
multiplication factors of 5, 20, and 50 applied to the present Hanford 
system, 

For the release of I'', the emitted quantity would have to be main- 
tained at about the present level either by improving the removal 
equipment or by increasing fuel cooling time—45 days takes care of 
the full factor of 50. 

For the radioactive noble gases, as mentioned earlier by Mr. Bruce, 
trapping and storing may necessary to avoid undue increase in 
the worldwide background. These technologies are straightforward. 
We shall use the language “straightforward technology” when the 
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technological success is assured and the cost is less than 5 percent of 
the total cost of the installation. This avoids detailed calculation 
of engineering costs that will probably never be used. 

The release of discrete radioactive particles to the atmosphere has 
not yet been eliminated entirely. Present filtration allows about 
one particle out of a thousand to escape. To increase the efficiency 
of removal tenfold would be technologically straightforward in the 
above special sense. Beyond that point increased releases might be 
needed. These would still be small compared with currently accepted 
quantities arising from fallout. 

Substantial quantities of liquid radioactive wastes in the classes 
known as intermediate and low-level, have been released to the ground 
at Hanford. Although the assurance with which such material is 
kept out of the effective environment is less than if it were tanked, 
there is no evidence that such disposal under Hanford conditions is 
unsuitable. 

Those connected with this form of disposal judge that a fivefold,. 
twentyfold or even fiftyfold increase in releases of this character would 
present no major problem. Nevertheless, increases at the upper end 
of this range would not be generally acceptable without substantial 
demonstration of the maintained effectiveness of the system. 

In summary, the adequate management of wastes in A.D. 2000 by 
simple extension of present methods is not out of the question. The 
incidental releases during various processing stages will, however, 
require careful and continued study to assure that the combined re- 
leases are not excessive. 

Here I should like to refer back to the section entitled “Transfer 


Mechanisms of Released Wastes” in part I of the material filed for 

the record by the staff of the Hanford atomic products operation under 

Topic I1I—Waste Management Operations. This is repeated for 

convenience in slightly modified form as an appendix to this paper. 
(The appendix referred to is as follows:) 
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APPENDIX 
EXPOSURE PATHWAYS OF RELEASED RADIOACTIVE WASTES 


When radioactive material is released to the environment there 
is a complex web by which the material is transmitted from one component, 
animate or inanimate, to another, At each point in the web or chain, man 
or other life forms may suffer some degree of radiation exposure. The 
combined effect of all relevant pathways has to be determined, 


The following schematic presentation of the principal pathways 
follows that given in Part I of the material filed for the record under 
Topic III by the staff of the Hanford Atomic Products Operation. Some 
notes are added on pathways involving the ocean and marine organisms; 
these were irrelevant in the context of our Topic III presentation. 


Those chains likely to make the major contributions to total 
exposure are identified by double asterisks. Single asterisks identify 
the next group of contributing chains. This identification is intended to 
be approximate only, as an average across a postulated nuclear power 
industry, 


The situation around any particular site must be determined 
experimentally for that site. 


Case 1. -- Radioactive Wastes in Rivers, Streams, Lakes, or Oceans 
1.1. - Hazards related to use as drinking water 

** 1.1.1 Irradiation of gastrointestinal tract of man or 
animals, 
Transfer of radioactive materials to blood 
stream and irradiation of blood. 
Transfer to critical organ of deposition (e.g. 
liver, kidney, bone, or thyroid) as determined 
by the specific radioelement and its chemical 
and physical form, 





INDUSTRIAL RADIOACTIVE WASTE DISPOSAL 


oy. a<% 


Irradiation of reproductive organs from 
materials passing through the body, deposited 
in specific organs, or in rare cases deposited 


in the reproductive organs. 


Retention of filtrable radioactive materials in 
water purification systems, leading to external 


irradiation. 


Retention of non-filtrable materials in ion-exchange 


systems (e.g., water softeners) or in flocculent 


deposits in municipal water systems. 


Scaly deposits of radioactive materials from 


boiling hard water, 


Uptake by foods washed or cooked in domestic 
water, 


Hazards arising from immersion in the water 
External irradiation from the ambient water while 


swimming. 


Additional irradiation from materials attached 
to mud, rocks, piling, aquatic plants; or, in 


fact, any surface, 


--.3 Irradiation from materials deposited on the skin 


or clothing. 
Swallowing of water, equivalent to Case 1.1.- 


Irradiation similar to Cases 1.2.1 and 1, 2.2 


from use of sanitary water. 


1.3.- Hazards arising from close approach to the water 


1,352 


External irradiation from river, lake, reservoir, 
or ocean, 
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External irradiation:from mud, sand, vegetation, 
or salt deposits near the shore, on beaches, 
or tide flats. 


External irradiation from water while boating, 
water skiing, fishermen wading, etc. 


Augmentation of 1.3.3 by radioactive deposits 
on the boat structure, fishing gear, navigation 
locks, etc, 


Inhalation of contaminated spray. (—> Case 2, --)* 


Deposition of spray on skin or clothing, 
(—> Case 2, --) 


--.7 Similar situations from domestic use of sanitary 


water. 


1.4.- Hazards arising from irrigation 
Irradiation from water in canals or ditches 


Retention of radioactive material in the surfaces of 
canals or ditches, persisting in the absence of 
irrigation water. 


Atmospheric pickup of radioactive materials from 
these cases or from irrigated soils. (—» Case 2,--) 


Direct spraying of plant surfaces with contaminated 
water by overhead irrigation, 


Immediate uptake of radioactive materials by 
plant roots from the water or delayed uptake 
following retention in the soil, in either case 
leading to incorporation in the plant structure; 
this can be followed by direct irradiation from 

the crops, or ingestion of the radioactive material 
by man or range anirrals, 


t Symbols such as (—» Case 2, --) mean that this case leads also to.some 


of the consequences of another case, such as Case 2,-- in this example. 
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* --.8 


1.5.- 
“1,003 


Further transfer and dissemination of radio- 


active materials by birds or insects. 
Transfer to the atmosphere by burning of crops, 


Radioactive milk, eggs, or meat from range 
animals or poultry fed as in 1,4,5. 


Hazards arising from biological chains in fresh water 


Pronounced uptake of radioactive materials by 


attached algae or by plankton (free floating 
organisms), 

Transfer to snails, insect larvae, etc, directly 
or from 1.5.1. 


Transfer to higher forms including edible fish. 
Ingestion of fish by man, 
Transfer to aquatic plants 


Transfer to waterfowl from aquatic plants, 


insects, etc, 
Ingestion of contaminated fowl by man, 


More exotic food chains such as ingestion of 
contaminated insects by frogs and the frog's legs 
by man, 


Mass emergence of contaminated ephemeral 
insects, their infestation of dwellings, and 
consumption by birds, 


Secondary contamination of bird nests and the 


like from excreta, 


Absorption of radioisotopes into fish eggs. 
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1.5.12 Perpetual recyciing of isotopes through 
biological chains through death and decomposition 
of organisms, 

In any of these transfers, the transmitter as well as 


the receptor will receive radiation exposure, 


1.6.- Hazards arising from biological chains in the ocean 


*1.6.1 Uptake similar to 1.5.1 but including seaweeds, 


--,2 Transfer to invertebrates as in 1.5.2 but shellfish 
are of greater significance. 
Note: Although marine organisms pick up radio- 
active materials by processes which are similar 
to those for fresh water forms, the degree of 
biological concentration for any particular radio- 
element may be considerably different, For 
example, radio-cesium is highly concentrated in 
fresh water organism but apparently is not 


concentrated in substantial amounts from sea water, 


Transfers to fish, birds, and other animals as 
indicated in 1.5.3,.1.5.5, 1.5.6, 1.5.10, 1.5.11, 
and 1,5,12. 


Ingestion of radioactive materials by man from 


eating seaweed, shellfish, fish, or fowl. 
1.7,- Hazards related to industrial processes 
Direct irradiation equivalent to 1.3. - 


Preferential adsorption of radioactive materials 
on food products during washing. 


1.8,- Hazards related to sewage disposal 


1.8.1 Accumulation of radioactive materials in drains 


later requiring service. 


37457 O - 59 = vol, 3—35 
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1.8.2 Accumulation in sludge and filter beds, 
--.3 Accumulation in bacteria, affecting their function, 


* --.4 Concentration and return to agriculture via 


fertilizers. 


Case 2. -- Radioactive Wastes Released to the Atmosphere 


2.1.- Hazards related to inhalation 


Direct irradiation of the lung due to radioactivity 


of the contained air. 


Solubility of radioactive gases or vapors and 
transfer to the blood and the specific organs of 
deposition. (—> 1.1.2 and 1.1.3) 


--.3 Deposition of radioactive particles on the surfaces 
of lung, bronchi, and upper respiratory passages, 
giving intense local irradiation. 


Solubility of some of these particles. (—> 2.1.2) 
Transfer of particles to lymph nodes of the lung. 


Removal of particles by ciliary action, leading 
to ingestion, (1.1. -) 


Hazards from radioactive material in ambient air 


* 2.2.1 External irradiation of the human or animal body, 


or plant tissue. 


2.3.- Hazards related to deposition of materials 
2.3.1 Irradiation from deposition on skin of man or 


animals, or on clothing. 


Transfer of radioactive materials from other 


surfaces to skin, 


Secondary transfers to food, cigarettes, etc., 


leading to ingestion, 
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** 2.3.4 Deposition on crops, followed by transfer 
to man or animals, 


** --.5 Secondary transfer of the radioactive materials 
through use of products such as milk, eggs, 
and meat, 


Deposition on soil. (—? 1.4.5) 

Deposition on bodies of water. (—> Case 1. --) 
External irradiation from deposited materials. 
Transfer from one animal to a predator animal, 


Washing. by rain or floods into water systems, 
(— Case 1,--) 


* --,11 Real fallout of individual highly active particles 
or flakes onto hair or skin. 


Case 3, -- Ground Disposal of Liquid Wastes 
3.1.-Hazards at the disposal site 

* 3.1.1 If to surface ponds, the hazards are repetitious 

of many parts of Case 1.--, particularly 1.3, - 


(The ponds may be particularly attractive to 
wildfowl, ) 


If contaminated surface is dried, transfer of 
radioactive materials to atmosphere by wind 
pickup of soil. (—> Case 2. --) 


Direct irradiation from a source just below ground. 


Seepage of radioactive gases or vapors from below 
ground, 


* --.5 Flash floods removing superficial active materials. 
(—> Case 1. --) 
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Hazards resulting from underground travel 


Return of radioactive material to plant life from 
deep-rooted plants. 


Subsequent leaching out of radioactive material 
apparently fixed in soil. 


Chemical reactions releasing materials as 


incompatible wastes are later added, 


Slow fall of wastes under gravity when apparently 
safely separated from the ground water, 


Entry into ground water and subsequent recovery 
from wells (—3 Case 1. --) 


Underground travel to springs or rivers. 
(— Case 1. --) 
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Mr. Parker. These charts (as given in the preceding appendix) are 
taken in the order in which they appeared in our earlier testimony 
and so the first refers to radioactive wastes going into environmental 
pathways from surface waterways. In projecting present experi- 
ence to that of 2000 A.D. there will be some particular differences 
which cannot all be condensed into these diagrams. , 

As an example, at Hanford currently we have been substantially 
concerned with releases of reactor cooling water to a river. In the 
cverall nuclear power technology it is unlikely that this will be one 
of the major features. For this and other reasons, the detailed projec- 
tion of just which individual exposure pathways will be the significant 
ones by the year 2000 would be too bold. 

We have indicated on these charts what is no better than a rough 
guess in terms of these asterisks (pointing to charts) in which we 
represent the double asterisks as those pathways which are likely to 
be major contributors to the total exposure, and the single asterisks 
those that are likely to be moderate contributors. 

This morning, in the limited time, I shall merely categorize these 
charts by title and draw your attention to the complex chains in the 
environment which we see as the really key and difficult portion of 
the waste disposal problem. 

In the first one (pp. 2367 and 2368), the surface waterways, we have 
the complex A from drinking water, the complex B from immersion 
of individuals in the water, C from close approach to bodies of water, 
and continued on the next chart, still in satan waterways, the trans- 
fer to plants and the like from irrigation use of water as in Section D, 
and transfer from the biological chains in rivers, through the algae, 
insects, fish, and eventually to man in Section E. 

In fact, here the recycling of this released material through the 
whole ecological system, including death and decay, may be highly 
significant. 

Introduction into man’s environment through treatment plants, fil- 
ter beds, fertilizer, and back into crops is illustrated in Section F. In 
this corner (Section G) there is a brief mention of the similar system 
in the ocean which I have added here although it was not relevant in 
the original testimony of Part ITT. 

The next chart (p. 2369) shows a similar situation for exposure path- 
ways in the atmosphere. First, in the inhalation pathway A, we have 
the system in which the introduction of radioactive particles into the 
lung and probably ultimately into the lymph nodes is likely to be one 
of the determining factors. The air that is around man and other life 
forms is shown as an exposure source in B. Section C shows the 
deposition of material from the atmosphere on to the body and the 
ground, and especially on to crops. Cycling of radioactive material 
through crops, animals, animal products can around to man is shown. 
Other chains lead from soil into crops. , From deposition into water 
and back to the previous channels (p. 2370) for surface waterways is 
Just one way in which al/ the pathways on all the charts tend to 
interlock. 

Finally, chart 3 shows the pathways of wastes disposed into the 
ground. The local things at the disposal site (Section A) we believe 
are quite controllable. The possibilities of unpredicted or unwar- 
ranted underground travel and return of the material to man’s en- 
vironment, such as by vegetation with deep roots, leaching from soil, 





2372 INDUSTRIAL RADIOACTIVE WASTE DISPOSAL 


eventual access to water through wells and the like, are sketched in 
section B. 

In specific cases, quite devious exposure — ones not cur- 
rently tabulated, or the use of special foods foreign to our diets (sea- 
weed, insects, as examples) may be the controlling factors. 

If Hanford experience is a guide, the total radiation exposure will 
be composed of many different contributions. This greatly compli- 
cates dose measurement or calculation, interpretation of the radiologi- 
cal significance, and prediction of the future status at higher outputs. 

In addition, if there are multiple release sites, the exposure pat- 
terns around them will eventually overlap. Worldwide fallout also 
adds to the local patterns. 

Not the least significant of the uncertainties is that in the acceptable 
permissible limits. Reduction of such limits by a factor of 10 by 
administrative fiat can be a prompt process; growth of processing 
capability by a factor of 10 is comparatively slow and predictable. 
Yet the net result on the waste management is much the same. 

As a condensed forecast of the situation to 2000 A.D.: 

1. The expanded use of atomic energy need not be inhibited at all 
by the radioactive waste disposal problem, unless there should be 
concurrently a drastic reduction in permissible radiation exposures, 

2. Appropriate improvements in control of wastes appear to be 
technologically straightforward, in the sense that feasible methods at 
reasonable cost are known. 

3. Continuous examination of the exposure pathways around each 
principal release site is needed. 

4. Extensive research into three areas of the radiological sciences 
will be needed. These are: 

(a) The mechanisms of transmittal of radioactive materials through 
numerous environmental pathways. 

(6) The significant radiation exposure to man and other life forms 
as receptors from these channels. 

(ce) Acceptable limits of exposure of man and other life forms as 
individual receptors and as components of a genetic pool. 

Mr. Chairman, that concludes the matters which I wish to present. 

Representative Hortrretp. Thank you, Mr. Parker, for your state- 
ment. Are there any questions ? 


Thank you, sir. Dr. Morgan, of the ORNL, will be the next witness. 


STATEMENT OF K. Z. MORGAN,* DIRECTOR, HEALTH PHYSICS DIVI- 
SION, OAK RIDGE NATIONAL LABORATORY, OAK RIDGE, TENN. 


Dr. Morcan. Mr. Chairman, members of the committee, I will 
summarize and evaluate some of the environmental factors that must 
be considered in the disposal of radioactive wastes. 

We have seen from the foregoing discussions that there has been 
a rapid increase in the amount of radioactive waste, an increase that 
parallels the growth and expansion of the nuclear energy industr 
and its associated operations. It has been indicated that the hig 


3 See p. 428. 
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level liquid waste may be stored in underground tanks, but this must 
be considered as a temporary or interim expediency, for the Fea, Ad 
of tanks can be relied upon for only a few score years. It has been 
shown that the high level waste may be concentrated so that it may 
be stored permanently in isolated areas or perhaps much of it can 
be fabricated into large industrial sources of ionizing radiation. 

Regardless of the many useful applications of these radiation 
sources, their ultimate disposal presents a problem and the more wide- 
spread these useful applications the more universal and ever present 
the associated radiation accidents and hazards. We have seen that 
research is underway in the AEC-supported laboratories to explore 
the feasibility of various methods of permanent and semipermanent 
disposal of high level radioactive waste. Some of these methods 
consist of fixation in sintered clays and sands, disposal in salt forma- 
tion, and injection into deep wells, deep sea disposal, and so forth. 
These research studies should be continued and the results evaluated 
from time to time in terms of economics and the long-range radiation 
protection they can provide. 

Radioactive waste is produced in the liquid, gaseous, and solid 
forms; of these, the liquid waste constitutes the principal long-range, 
environmental problem, for regardless of the initial form, that waste 
which constitutes a hazard, for the most part, has found its way by 
dilution or suspension into surfarce and underground waters. 

Elaborate precautions are taken to minimize the air contamination 
problems associated with the nuclear energy industry. Most of the 
particulate radioactive waste is retained and barring accidents only 
the relatively harmless radioactive Noble gases are discharged in large 
quantity from reactors to the atmosphere. These gases do not present 
any serious problem, since the maximum permissible concentration 
(MPC) of Noble gases is very large and the discharge of the 
at high velocity through tall stacks provides dilution which reduces 
the concentration at a short distance from the point of discharge far 
below the maximum permissible value. 

Unless there are major nuclear accidents, it is not the high level 
waste that introduces most of the environmental radiation problems, 
but rather the immense volumes of intermediate and low level radio- 
active waste having a concentration of a few micro-microcuries per 
cubic centimeter. 

In the United States the values of maximum permissible exposure 
to ionizing radiation are established by the recommendations of the 
National Committee on Radiation Protection (NCRP). A similar 
organization, the International Commission on Radiological Protec- 
tion (ICRP) sets these values for international use. These two 
organizations work closely together, for many of their problems, such 
as the disposal of radioactive waste, may be of concern to people in 
many countries of the world. 

There are two types of oe to ionizing radiation: (1) external, 
eg, or from medical equipment or nuclear reactors, and (2) 
internal, or exposure from radioisotopes taken into the body. 

In considering the environmental factors associated with the dis- 
posal of radioactive waste we are concerned primarily with internal 
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exposure rather than with external exposure. If the radioactive 
material taken into the body is relatively insoluble it is likely that 
most of the dose will be delivered to the lungs or to the gastrointestinal 
tract. If it is very soluble, a large fraction will enter the blood stream 
where it is deposited in the various organs of the body. Two types 
of elimination take place simultaneously—biological removal and 
radioactive decay. . 

There is a wide variation in the value of MPC. For example, the 
MPC for occupational exposure to tritium is 10 grams of tritium per 
million tons of water whereas the MPC for occupational exposure to 
strontium 90 is 0.03 gram of strontium 90 per million tons of water. 
This is 10 grams of wood I hold up here [holding up a small block of 
wood ], and if it were tritium uniformly distributed in water, it would 
contaminate a million tons of water at the maximum permissible con- 
centration. Strontium 90 is much more toxic. I hold up here [now 
holding up a small chip of wood] three one-hundredths grams of 
wood. If this were strentium 90 uniformly distributed in water, 
it likewise would contaminate a million tons of water at the maximum 
permissible concentration. This three one-hundredths gram of stron- 
{ium 90 does not appear to be very much. Yet if deposited in our 
bodies it would constitute a maximum permissible body burden for 2 
million persons. 

For comparison, if this million tons of water, containing three 
one-hundredths grams of strontium 90 were normal sea water, it 
would contain about 6 tons of gold. 

There are many uncertainties in the values of MPC because in 
only a few cases are human data available, and in some cases even 
animal data are lacking. However, the latest editions of these hand- 
books on internal dose contain values of MPC for about 240 radio- 
isotopes and these data, although limited in accuracy, represent the 
best available at the present time. In these handbooks values are 
given only for occupational exposure; it is expected that in the near 
future similar values of MPC can be recommended for nonoccupa- 
tional exposure. For the present, the interim MPC for persons living 
in the neighborhood of a nuclear energy operation are to be taken 
as 10 percent of the values for continuous occupational exposure and 
the values of MPC for the population at large are to be of the order 
of natural background. Because the average values of MPC permit- 
ted to the public are so much lower than those permitted to occupa- 
tional workers, the radiation hazards of the nuclear energy industry 
are confined primarily to occupational workers. This is in conform- 
ance with the usual practice of restricting unique hazards of each 
occupation to the workers in that occupational group. Thanks to the 
fine job done by the health physicists, the average exposure of the 
occupational worker in the nuclear energy industry is only a few 
percent of the maximum permissible value. 

At present, medical exposure constitutes essentially all the radia- 
tion exposure of the average man to man-made sources. It is not 
expected that the present interim radiation exposure levels for the 
population at large will be exceeded in the foreseeable future. 

he ICRP is allowing 5 rems for planning purposes (see table 
1, p. 2377) and of this 5 rems of exposure, 114 rems is assigned to radio- 
active waste disposal in the environment. 
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If and when these levels are reached, waste disposal will contribute 
no more than one-third of the radiation damage received at present 
by the average medical sources or natural background. 

Three types of damage must be considered: (1) somatic damage or 
direct injury to the individual, e. g., the induction of leukemia and 
shortening of lifespan; (2) genetic damage; and (3) indirect dam- 
age to man’s environment, e.g., the effect on his food supply and the 
natural resources. In what follows we will limit our discussion to the 
ecological effects of radiation on the environment. There seems to 
be rather widespread feeling, especially among laboratory biologists, 
that since man appears to be as radiosensitive as any organism all we 
need to do is monitor radiation in the environment where man actually 
lives. Perhaps this is a dangerous oversimplification for there are 
many important environments such as lakes, streams, and soil where 
man himself is not a direct resident but upon which he depends in- 
directly for his food, pleasure, etc. 

The possible consequences to man from contamination of these 
environments by radioactive materials cannot be evaluated without a 
study of these environments which contain populations of plants and 
animals that are organized into biological systems or communities, 
and man cannot survive independently. Communities and members 
of communities are dependent upon each other for their continued 
existence, and this type of biological organization with its complex 
cycles of elements, compounds, and minerals is characteristic of our 
entire world. Therefore, in any waste disposal program we must take 
into consideration not only the problem of maintaining concentrations 
of radioactive material in soil and water at levels considered to be 


safe for direct exposure to man and his children, but also we must 
consider the possible consequences of the escape and accumulation of 
small quantities of radioactive materials into the environment where 
long-range modifications may result in a less favorable place in which 
to live. In a large scale nuclear power economy where there is com- 
petition for cheaper sources of energy there will be an increasing need 
and demand to make use of the dilutent at of the environment 
oO 


for the economic disposal of large volumes of low level radioactive 
wastes. Thus, long range continuing studies must be made to assure 
that the levels of radioactive contamination in the environment are 
not re 2 so low as to unnecessarily impede this new industry or on the 
other hand permitted to become so large that the damage to the en- 
vironment exceeds the overall benefits from nuclear power and its use- 
ful products. 

What concerns us here is not the massive effects that might result 
from the accidental release of large quantities of fission products, but 
rather the subtle, cumulative effects that might be building up due to 
the slow but continuous increase in radioactive contamination of our 
environment. Such effects may not become manifest or may remain 
concealed due to other more pronounced phenomena, and may only 
become evident hundreds of years from now. Because of this uncer- 
tainty in our knowledge we believe that environmental research pro- 
grams should be undertaken and should be specifically oriented to- 
ward the contamination problem. 

There are many examples of instances in which man has accidentally 
or intentionally tampered with his environments and produced unde- 
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sirable results. When radioisotopes are released into the environment 
they usually enter into complex physical and biological cycles and into 
food chains and may exhibit unexpected movements or concentrations, 
It isthrough such mechanisms that dangerous long-lived radionuclides 
such as strontium 90 and cesium 137 are able to enter our food sources. 
These ecological food chains (as shown in figure 1) are actually cir- 
cular in nature or weblike and have a limited number of links. Serious 
consequences could result if too many of these food links were broken. 
Radionuclides with long half-lives may be expected to be taken up and 
dispersed, and reconcentrated by ecological factors, although no one 
has yet followed materials through more than one cycle. 


UNCLASSIFIED 
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Ficure 1.—Typical food web involving man. 


Evidence of selective absorption factors for some radioisotopes as 
high as 100,000 has been obtained for certain organisms. 

We should note that most of the studies have been made with respect 
to killing effect. However, there may be many other types of damage 
more subtle but just as damaging in their consequence to the human 
environment. For example, radiation may affect the germ cells such 
that there is a reduction in fertility. 

The average dose delivered to the environment at the present time 
by manmade radioactive waste is very low and even in the future, 
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if the levels presently proposed for planning purposes (as indicated 
in table 1) are reached, the average dose will be no more than 
about 50 percent of that from natural background. However, because 
of selective deposition, certain elements in the food web may con- 
centrate some of the long-lived radionuclides resulting in very high 
doses to some of the critical links. The end result is unknown but 
could be a reduction in man’s food supply or a destruction of some of 
the natural resources. 

In conclusion, I would like to point out that, although radiation 
hazards of new and heretofore undreamed of proportions have arisen, 
the nuclear energy industry through the untiring efforts and constant 
vigilance of the health physicists is one of the safest American in- 
dustries. With continued alertness and with an increased number of 
long-ranch research programs, this record can be maintained and the 
benefits of nuclear energy can be made to dwarf by comparison any 
harmful effects of the radiation on man and his environment. 

Representative Hoxirtevp. Thank you, Dr. Morgan. 

Are there any questions of Dr. Morgan by any member of the com- 
mittee or of the staff? If not, we thank you very much, sir. 

Dr. Morean. Thank you, sir. 
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The value 4.5 rem medical dose is the approximate value of the genetically 
significant dose received in the United States from diagnostic and therapeutic 
applications of ionizing radiation ("The Genetically Significant Radiation 
Dose Received by the Population of the United States," a report prepared for 
the National Academy of Sciences in 1957 by J. S. laughlin and I. Pullman). 
The value of 4.5 rem for background is probably an upper limit for most 
parts of the United States. The sum of the figures 4.5 rem for medical 
exposure and 5 rem for other exposure is less than the total of 10 rem 
suggested by a number of geneticists ("The Biological Effects of Atomic 
Radiation," National Academy of Sciences - National Research Council, 1956) 
as an upper limit for exposure to man-made sources of ionizing radiation. 
The 5 rem for other exposure and the breakdown of this 5 rem is suggested 
by the ICRP ("Recommendations of the International Commission on Radiolog- 


ical Protection," Pergamon Press, London, 1958) only to serve as a guide 
for planning purposes. 


Representative HouirieLp. Dr. Morgan, your formal statement will 
follow your testimony at this point. 
(Dr. Morgan’s statement follows :) 
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SUMMARY AND EVALUATION OF ENVIRONMENTAL FACTORS THAT MUST 
BE CONSIDERED IN THE DISPOSAL OF RADIOACTIVE WASTE 


By 


K. Z. Morgan 


We have seen from the foregoing discussions that there has been a rapid 
increase in the amount of radioactive waste; an increase that parallels the 
growth and expansion of the nuclear energy industry and its associated opera- 
tions. Every atom of uranium or plutonium that undergoes fission produces, in 

n to its 200 Mev of energy, two or more new radioactive atoms. About 
3% of these radioactive atoms consist of the more dangerous long-lived 
rontium-90 (half-life 28 yrs) and cesium-137 (half-life 30 yrs), and traces 
of the even more dangerous transuranic atoms - americium-241, curium-2h2, 
plutonium-239, etc. - are produced. If we assume that in the year 1990 there 
will be in the U. S. a nuclear power production of 300,000 (3 x 107) Megawatts of 


heat (which with an electrical conversion efficiency of 25% would be about 10% 


of the present electrical power production in the U. S.), there will exist in 


the world one hundred and fifty billion (1.5 x 10!) curies of radioisotopes 


from this source including 2.6 billion (2.6 x 107) curies of strontium-90 and 
2.3 billion (2.3 x 107) curies of cesium-137. To this must be added the radio- 
active contamination contributed by nuclear power sources in other countries 
and the radioactive waste that may be produced by the detonating of nuclear 
weapons. 

It has been indicated that the high level liquid waste may be stored in 
underground tanks, but this must be considered as a temporary or interim 


expediency for the integrity of tanks can be relied upon for only a few score 
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years It was shown that high level waste may be concentrated so that it can 


e stored permanently in isolated areas or perhaps much of it can be fabricated 


for X-rays for medical treatment, for the preservation of foods, for mutation 
experiments in which new farm crops are developed by the irradiation of seeds 
and plants, for the production of plastics and new chemical products, and 
perhaps eventually the small-canned radiation sources may become the principal 
energy units for the operation of equipment in space explorations. Regardless 

> the many useful applications of these radiation sources, their ultimate disposal 
presents a problem and the more widespread these useful applications the more 
universal and ever-present the associated radiation accidents and hazards. We 
have seen that research is underway in the AEC-supported laboratories to explore 
the feasibility of various methods of permanent and semi-permanent disposal of 
high level radioactive waste. Some of these methods consist of fixation in 
sintered clays and sands, disposal in salt formations, and injections into 

ep wells, deep sea disposal, etc. These research studies should be continued 
nd the results evaluated from time to time in terms of economics and the long- 
range radiation protection they can provide. 

Radioactive waste is produced'in the liquid, gaseous, and solid forms; of 
these, the liquid waste constitutes the principal long-range environmental 
problem. This is true, for regardless of the initial physical form, that waste 
which constitutes a hazard to man is that waste which for the most part has found 
its way into surface and underground waters. For example, solid radioactive 


waste is buried in carefully selected and permanently supervised "hot" burial 


37457 O - 59 = vol, 3-36 
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grounds or encased in concrete and dropped into ocean deeps. In either case, no 
radiation hazard ensues unless and until the radioactive waste is leached and 
carried away from its resting place by dilution or suspension in the water 
Elaborate precautions are taken in the use of filters, precipitators, 
air washers, and tall stacks to minimize the air contamination problems associated 
Most of the particulate radioactive waste is 
ioactive Noble gases are discharged in large quantity 
to the atmosphere through tall stacks. These gases do not present any serious 
the maximum permissible concentration (MPC) values of Noble 
are very large and the discharge of the gases at high velocity through 
tion which reduces the concentration at a short distance 
In some operations radioiodine 
with a half-life of 8 days) is discharged from the 
accidents ich as the one at Windscale, England, in 1957) 
isolated desert areas where it provides 
uptake by sage brush and prairie grasses and the 
oids of wild animals. However, the levels in areas 
man are below the MPC values. Most of the environmental radiation 
problems associated with airborne contamination - regardless of whether they 
originate from a nuclear power plant or from the testing of weapons - result 


when the fission products enter the water supply and reach man directly in his 


drinking water or indirectly by way of vegetation which extracts the fission 


products from the ground water, or from milk from cattle that graze upon this 


vegetation. 
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Unless there are major nuclear accidents it is not the high level waste that 
introduces most of the environmental radiation problems, but rather the immense 
volumes of intermediate and low level radioactive waste having a concentration 
of a few micromicrocuries per cc. Millions of gallons of such waste are dis- 
charged daily from a large chemical processing plant. Some of this originates 
as high level waste from storage tanks or leachings from "hot" burial grounds 
becoming diluted by large volumes of water in the environment. 

Time does not permit 8 detailed discussion of the values of maximum permis- 
sible concentration and how they are obtained, but suffice it to say that in the 
United States the values of maximum permissible exposure to ionizing radiation 
are established by the recommendations of the National Committee on Radiation 
Protection, NCRP’. A similar organization, the International Commission on 
Radiological Protection, ICRP, sets these values for international use. These 
two organizations work closely together, for many of their problems, such as the 
disposal of radioactive waste, may be of concern to people in many countries of 


the world. The members of NCRP and ICRP are scientists, i.e., medical men, 


physicists, biologists, chemists, sanitary engineers, etc., who have specialized 


in health physics (or radiation protection problems),and they work together as 
individual scientists - not as representatives of companies, hospitals, lab- 


oratories or governments. 


The NCRP was formed in 1929. For information on the history and membership 
of NCRP see "Brief History of the National Committee on Radiation Protection 
and Measurements (NCRP) Covering the Period 1929-1946," L. S. Taylor, Health 
Physics Journal 1: 3-10 (March 1958). 


The ICRP was formed in 1926. For information on the history and membership 
of the ICRP see "History of the International Commission on Radiological 
Protection (ICRP)," by L. S. Taylor, Health Physics Journal 2: 97-104 (June 1958). 





2382 INDUSTRIAL RADIOACTIVE WASTE DISPOSAL 


The levels of maximum permissible exposure to ionizing radiation as 
established by the NCRP and the ICRP are of two types: (1) exposure to external 
sources, e.g., X-rays from medical equipment, neutrons from high voltage 
accelerators and nuclear reactors, etc., and (2) exposure to internal sources>, 
i.e., radioisotopes taken into the body by inhalation, ingestion, through the 
pores of the skin, or by way of contaminated wounds. 

In considering the environmental factors associated with the disposal of 
radioactive waste, we are concerned primarily with internal exposure rather than 
with extemal exposure Radioactive material that is taken into the body may 
deliver its dose in one or in several different ways. If the radioactive 
material is relatively insoluble, it is likely that most of the dose will be 
delivered to the lungs or to the gastrointestinal tract. Should it enter the 
body by way of a puncture wound, most of the dose may be delivered to the small 
volume of tissue in the vicinity of the wound, resulting in a large localized 
doze If the material is very soluble, a large fraction will enter the blood 
stream For example, following the ingestion of iodine-131 in milk or water, 

@ measureable amount may enter the blood in a few minutes and 2 to 3% may appear 
in the thyroid within several hours. In the case of the ingestion of the bio- 
logically hazardous, transuranic fissile material, plutonium 239, it is fortunate 


that only about 0.003% enters the blood. Having entered the blood, portions of 


7K. Z Morgan is Chairman of the Internal Dose Committees of NCRP and ICRP. 
The Internal Dose handbooks of the NCRP and ICRP have been in the process 
of revision and were submitted for publication in January 1959. (The NCRP 
publication will appear as one of the NBS Handbooks available from the 
Superintendent of Documents, Washington 25, D. C., and the ICRP Handbook 
will be published by Pergamon Press, London). 
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the radioactive material are deposited in the various organs of the body. The 
organ of greatest deposition is usually the critical body organ which is defined 
the organ receiving the radioisotope that results in the greatest body damage. 
o types of elimination take place simultaneously - biological removal and 
radioactive decay. For convenience in mathematical calculations, we speak of 
the effective half-life or the time required for the removal of half of the 
radioactive material from a body organ. There is great variation in the effective 
half-life of the radioisotopes. For example, it is 17 years for strontium-90 in 
the bone and only 37 minvtes for chlorine-38 in the total body. 

Other important factors that are considered by the NCRP and ICRP in estab- 
lishing the maximum permissible concentration of the radioisotopes in air, water, 
and food are mass of the critical body organ, distribution of the isotopes within 
the critical body organ, type of radiation emitted (e.g., a, B, 7, etc.) energy 
delivered to the tissue by each disintegration of the radioactive material, curies 
per gram of radioactive material, etc. With all these factors, it is not surprising 
that there is a wide variation in the MPC values. For example, the MPC value for 

upational exposure (40 hours per week) to tritium is one ten millionth (1077) 
ries per cc or 10 grams of tritium per million tons of water, whereas the MPC 
value for occupational exposure (40 hours per week) to strontium-90 is four 


sky curies per cc or 0.03 grams of strontium-90 per 


million millionths (4 x 10 
million tons of water (For comparison, there are about 6 tons of gold per 
million tons of sea water. ) 


There are many uncertainties in the MPC values given in the Internal Dose 


Handbooks of the NCRP* and of the ICRP?, because in only a few cases are human 


“ NBS Handbook-52, "Maximum Permissible Amounts of Radioisotopes in the Human 
Body and Maximum Permissible Concentrations in Air and Water." For sale by 


the Superintendent of Documents, Washington 25, D. C. 
see next page) 
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data available and in some cases even animal data are lacking. However, the 


3 


latest editions of these handbooks on Internal Dose~ contain MPC values for 
about 240 radioisotopes, and these data, although limited in accuracy, represent 
the best data available at the present time. These data will be revised from 
time-to-time as more information becomes available. The MPC values given in 
these handbooks are for occupational exposure. It is expected that in the near 
future similar MPC values can be recommended for non-occupational exposure. For 
the present, interim MPC values for persons living in the neighborhood of the 
nuclear energy operation are to be taken as 10% of the continuous occupational 
exposure values, and the MPC values for the population at large are to be of the 
order of natural background (or about 1% of the continuous occupational exposure 
values when they are based on exposure to the gonads or total body and about 3% 
of these values when they are based on exposure to other body organs). Because 
these large reductions in the MPC values are applied to the average exposure to 
the population at large, the radiation hazards of the nuclear energy industry are 
restricted primarily to occupational workers. This is in conformance with the 
usual practice of restricting the unique hazards of each occupation to the 
workers in the occupational group whether it be bridge building, housekeeping, 
or nuclear energy. Thanks to the fine job done by the health physicists, the 
average exposure of the occupational worker in the nuclear energy industry is 


only a few percent of the maximum permissible value and other hazards have been 


sss 


5 


"Recommendations of the International Commission on Radiological Protection,” 
British Journal of Radiology, Supplement No. 6 (1955). 
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reduced correspondingly so that the nuclear energy industry in the United States 
has maintained one of the best records of safety. 

As explained above, the MPC values presently recommended and published by the 
NCRP and the ICRP were selected primarily for application to the occupational 
worker. At best the present ad interim application to the population at large 
can serve only as a guide until we obtain more information on the genetic and 
ecological effects of radiation on man and his environment. The arduous task 
of developing tables of MPC values that are specifically applicable to the 
population at large has already begun, and it is anticipated that some of the 
data will be available for publication in about three years. It is evident that 
three types of damage must be considered: (1) somatic damage or direct injury 
to the individual, e.g., the induction of leukemia and shortening of life span, 
(2) genetic damage appearing in those to be born, and (3) indirect damage to 
man's environment, e.g., the effect on his food supply and the natural resources. 


These first two effects have been mentioned by the other speakers and discussed 


in some detail in the hearings on Fallout® and in reports of the United Nations 


Scientific Committee’. Therefore, in what follows we will limit our discussion 
to the ecological effects of radiation on the environment. 
There seems to be a rather widespread feeling, especially among laboratory 


logists, that since man seems to be as radiosensitive as any organism all 


"The Nature of Radioactive Fallout and Its Effects on Man," Hearings before the 
Special Subcommittee on Radiation of the Joint Committee on Atomic Energy Congress 
of the United States, Part I (May 27, 28, and 29 and June 3, 1957); Part II 

(June 4, 5, 6, and 7, 1957), Government Printing Office, Washington, D. C. 

"Report of the United Nations Scientific Committee on the Effects of Atomic 
Radiation,” General Assembly Official Records: Thirteenth Session, Supplement 

No. 17 (A/3838), United Nations, New York (1958). 
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radiation in the environment where man actually lives. 
has stated it thus: "It is our belief that, if we take sufficient 
gically to look after mankind, with few exceptions the rest of 
take care of itself. Sensitivity to ionizing radiations is well 
correlated with degree of evolutionary complexity. Man and his domestic 
mammals will probably be among the first to suffer from overexposure to 
Perhaps this is a dangerous oversimplification. 
irst place, there are many important environments such as lakes, 
il where man himself is not a direct resident but upon which he 
his food, building materials, pleasure, etc. The possible 
lting from contamination of these environments by radioactive 
materials cannot be evaluated without a study of these environments themselves. 
these environments contain populations of plants and animals which are 


7 


iological systems or communities, and man, insofar as we know 
independently. Communities and members of communities are 
upon h other for their continued existence, and this type of 
organization with its complex cycles of elements, compounds, and 
characteristic of our entire world. Therefore, in any waste disposal 
ke into consideration not only the problem of maintaining 


radioactive material in soil and water at levels considered 


) be safe for direct exposure to man and his children (i.e., safe from the 


of somatic and genetic damage), but also we must consider the possible 


of the escape and accumulation of small quantities of radioactive 


Loutit, John F., "The Experimental Animal for Study of the Biological Effects 
of Radiation," Peaceful Uses of Atomic Energy, Vol. XI, p. 3 (United Nations, 


New York 1956). 
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materials into the environment where long-range modifications may result in a 
less favorable place in which to live. In a large-scale nuclear power economy 
where there is competition for cheaper sources of energy, there will be an 
increasing need and demand to make use of the dilutent capacity of the environ- 
ment for the economic disposal of large volumes of low level radioactive wastes. 
long-range continuing studies must be made to assure that the levels of 
radioactive contamination in the environment are not kept so low as to unneces- 
sarily impede this new industry or, on the other hand, are permitted to become 
so large that the damage to the environment exceeds the over-all benefits from 
nuclear power and its useful products. What concerns us here is not the massive 


effects that might result from the accidental release of large quantities of 


up due to the slow but continuously increasing radioactive contamination of our 
environment. Such effects may not become manifest or may remain concealed due to 
other more pronounced phenomena and may only become evident hundreds of years from 

Because of this uncertainty in our knowledge, we believe that environmental 
research programs should be undertaken and should be specifically oriented toward 
the contamination problem. These programs should not only be corollaries of our 
waste disposal research efforts which are mainly concerned with safe methods of 
jisposal, but also these environmental programs should provide us with the 

ary basic and applied information so that undesirable trends may be 
recognized in time for remedial action to be taken before unsafe conditions 
begin to appear. 

I should like to point out that there are two phases to this problem of 
environmental contamination and its possible effects on man. The first is the 


t of continuous low level radiation on ecological systems and on the complex 
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relationships between animals, plants, arthropods, bacteria, and fungi. The 
econd is the ultimate fate of radionuclides in these natural systems. Actually 
these two phases are closely interrelated, because the radionuclide is the source 
of radiation in the system, and the chemical and biological transfer of the radio- 
nuclides within such systems will determine the extent to which radiation will 

be present at the various levels of organization in these systems. 

There are many examples of instances in which man has accidentally or 
intentionally tampered with his environments and produced unexpected results. 
Early work in wildlife management and the introduction of animals into new areas 
often produced the opposite effect from the desired one. More recently, the 
widespread use of the synthetic insecticides has created new insect problems as 
well as solved old ones 

Almost nothing is known about the possible effects of low level long- 
continued exposure to man-made sources of radiation. But we can at least 
approach the subject by examining the considerable body of data on radio- 
sensitivity. Even before the current upsurge of interest in the biological 
effects of ionizing radiations, enough work had been done with X-rays to indicate 
that organisms differed widely in their ability to tolerate heavy doses. Recent 
work has served to show that the subject of comparative radiosensitivity.is 
extremely complex. It should be emphasized that because of experimental 

imitations doses used in most studies have been much higher than we expect to 
have to contend with in the general environment. Nevertheless, there is evidence 
that has bearing on the low level chronic effect. Suppose we make the simplifying 
assumption that because man is more sensitive to an acute dose (i.e., a large, 
single dose) than are bacteria, that he is more likely to be affected by low 


level chronic doses. Based on the data now available, and if this assumption 
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were valid, we would expect mammals to be the most sensitive and bacteria among 

the least sensitive of organisms. Plants, lower vertebrates, insects, and other 
invertebrates would fall somewhere between these extremes. But there is a flaw 

or oversimplification in this argument from the ecological point of view. The 
assumption cannot be upheld since organisms do not have a constant radiosensitivity 
throughout their life span. Even the most resistant groups have stages in their 
life cycles or critical periods in their population growth which are affected by 
much lower doses of radiation. In the fruit fly, Drosophila, which is one of the 
more resistant insects, a dose in the neighborhood of 100,000 roentgens is required 
to kill half of the adult flies (mid-lethal dose) while as little as 160 roentgens 
may kill half the individuals at the most sensitive stage in the fly's development 
(which is the egg during cleavage). Jn other words, at this egg stage the sus- 
ceptibility of the organism is over 600 times that of the adult stage. A dose as 
low as 8 roentgens per day has been shown to have a measurable effect on the growth 
and development of grasshopper nerve cells. Likewise, barley, which in common with 
most seed plants is relatively radio-resistant as a mature plant, is measurably 
affected during the early stages of development by doses no higher than that which 
would be critical for mammals. Consequently, when we consider the vulnerable 
stages, we find that some of the wide differences which exist between adults of 
different taxonomic groups have disappeared. 

When radioactive isotopes are released into the environment, they usually 
enter into complex physical and biological cycles and into food chains and may 
exhibit unexpected movements or concentrations. It is through such mechanisms 
that dangerous long-lived radionuclides such as strontium-90 and cesium-1}37 are 


able to enter our food sources. These ecological food chains are actually 
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circular in nature or web-like and have a limited number of links. Serious 


consequences could result if too many of these food links were broken. Radio- 
nuclides with long half-lives may be expected to be taken up and dispersed, and 
reconcentrated by ecological factors, although no one has yet followed materials 
through more than one cycle. The rates at which these cycles operate constitute 
one of the most important and least-known aspects of ecology and have important 
bearing upon the release of radioactive wastes into any environment. 

Evidence of selective absorption factors for some radioisotopes as high as 
100,000 has been obtained for certain organisms. Soil concentrations of fission 
products of one billionth of a curie per gram are common in the Oak Ridge waste 
disposal areas. If the organism is in equilibrium with its immediate environment 
it can have dose rates ranging from 10 to 1,000,000 rads per year depending on 
whether there was a selective absorption factor of one or of 100,000. At this 
point it should be recalled that only a few organisms have been examined with 
respect to their radiosensitivity and almost none for the effect of continuous 
exposure to radiation over a long period of time. In particular we should note 
that studies have been made with respect to killing effect; and that there may 
be many other types of damage more subtle but just as damaging in consequence 
to the human environment as immediate death. For example, radiation may affect 
the mobility of the organisms, or the availability of kinetic energy, such that 
they are unable to obtain a sufficient amount of food or engage in other useful 
functions. It may affect the germ cells such that there is a reduction in 
fertility. It may affect visibility or other sensory functions such as to 
incapacitate the organism. Also, if a small dose has any effect at all at any 
stage in the life cycle of an organism, then chronic radiation at this level can 


be more damaging than a single massive dose which comes at a time when only 
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resistant stages are present. Finally, stress and changes in mutation rates may 
be produced even when there is no immediately obvious effect on survival of 
irradiated individuals. 

A person might object to the use of a factor of selective absorption of 
100,000. This, or perhaps even higher factors, may obtain for certain links 
in the complicated ecological web. Or the objection may be raised that perhaps 
these links can be wiped out and the ecological universe will have the capacity 
to readjust itself and reach a new type of equilibrium that will satisfactorily 
meet the requirements of man and his environment. I do not believe these are 
valid objections, at least for the health physicist, until they are supported 
by experimental evidence. To this end we have encouraged the development of 
ecological research programs which are based on, and are integral parts of, 


radioactive waste disposal research programs at Oak Ridge National Laboratory. 
Conclusions 


l. Radioactive contamination in the environment can be expected to increase 
in proportion to increases in the nuclear power industry. 
It is not expected that the present interim radiation exposure levels for 
the population at large will be exceeded in the foreseeable future. 
At present, medical exposure to ionizing radiation constitutes essentially 
all of man's radiation exposure (See Table 1). In the U. S.,medical 
exposure probably is slightly greater than man's exposure to the natural 
background radiation’. 
If the present level of average medical exposure is maintained in the U. S. 
and if the interim MPC levels for the population at large are reached (say 
within 20 to 50 years), the radioactive waste will contribute an exposure 
to.man that is equal to only 1/3 the exposure received from medical sources. 
(See table 1.) 


Table 1, referred to above appears on p, 2377. 


Peett th tk ete 


' 
“ 
' 
‘ 





2392 INDUSTRIAL RADIOACTIVE WASTE DISPOSAL 


The somatic and genetic consequences or damage from this exposure depends 
upon the existence (or lack) of a linear relationship between radiation 
dose and effect at these very low dose rates. This subject has been 
discussed elsewhere and, therefore, is not repeated here. In any case 

if in the future the present MPC levels are reached, waste disposal will 
contribute no more than 1/3 the somatic and genetic damage received by 

man at the present time from medical sources. 

The effect of exposure of radioactive waste on the environment is unknown. 
The average dose delivered to the environment at the present time by man- 
made radioactive waste is very low, and even in the future if the presently 
recommended levels of MPC are reached, the average dose probably will be 

no more than 50% of that from natural background. However, because of 
selective deposition certain elements in the food web may concentrate 

some of the long-lived radionuclides, and consequently critical links in 
the food web might receive local doses that are very high. The end result 
could be a reduction in man's food supply or a destruction of some of the 
natural resources. 

Many AEC-supported programs are in progress to determine safe and relatively 
permanent methods of radioactive waste disposal; to evaluate the somatic, 
genetic, and environmental damage produced by chronic exposure to low level 
radioactive waste products;and to establish reliable MPC values for each 

of the radionuclides. This is a momumental task, and many interesting 
research data have been obtained already, but much remains to be done 


requiring research studies into the distant future. 
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Although radiation hazards of new and heretofore undreamed of proportions 
have arisen in the nuclear energy industry, this work has been done safely. 
With the untiring efforts and constant vigilance of the health physicists, 
this has become one of the safest of American industries. With continued 
alertness and with an increased number of long-range health physics research 
programs, this record can be maintained and the benefits of nuclear energy 
and the useful application of the radioactive products can be made to dwarf 


by comparison any harmful effects of radiation on man and his environment. 
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Representative HotirreLp. Our next witness will be Mr. J. G. Terrill 
of the U.S. Public Health Service. 


STATEMENT OF JAMES G. TERRILL, JR.,* ASSISTANT CHIEF, DIVI- 
SION OF RADIOLOGICAL HEALTH, U.S. PUBLIC HEALTH SERVICE 


Mr. Territt. Mr. Chairman, and members of the committee, I would 
like to summarize my speech in the interest of time, but I would wish 
to ask that the original copy be inserted in the record. 

Representative Hotirietp. It will be received at this time. 

(The statement is as follows:) 


* Graduated from the University. of Cincinnati in 1937 with a degree in civil engineering. 
He studied public health engineering at the Massachusetts Institute of Technology Graduate 
School from 1938—41. Since 1941 he has been active in the Public Health Service. He 
participated in the first Bikini tests. During the period 1948-51 he studied radiological 
defense under the sponsorship of the Armed Forces Special Weapons project at the U.S, 
Navy Postgraduate School and the University of California. He has participated in and 
directed the Public Health Service activities related to the Nevada and Pacific test opera- 
tions during 1953-57. 

Mr. Terrill is active in radiological committees of the American Society of Civil Engineers 
and the American Public Health Association. He is a member of the National Committee 
on Radiation Protection and the Nuclear Standards Board of the American Standards 
Association. 

Presently, he is Assistant Chief of the Division of Radiological Health, Public Health 
Service, With headquarters at 4th and Independence Avenue SW., Washington, D.C. Mr. 
Terrill lives at 5812 Phoenix Drive, Bethesda 14, Md. 
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Future Estimates and Economics of Waste Disposal 
Summary and Evaluation of Environmental Factors 


By 
James G. Terrill, Jr., Assistant Chief, Division of 
Radiological Health, U.S. Public Health Service. 


Introduction 

In view of the comprehensive nature of these hearings and the excellent 
presentations made by the other speakers, my remarks will be confined to 
those aspects of radioactive waste disposal activities <net our experience in 
the Public Health Service indicates to be of major importance from a public 
health standpoint and through this, comment on economics of waste disposal 
principally as it may affect health agencies. Dr. Price* Chief of the Bureau 
of State Services, will discuss activities of the Public Health Service re- 
lating to radioactive wastes tomorrow, and Dr. Ernest Tsivoglou** has presented 
a paper for the record on surface waters. The experiefces tha. are about 
to be presented, while expressing a Public Health Service viewpoint, are 
related to. the activities reported by many of the other speakers and a con- 
tinuing cooperative effort with many of the divisions of the Atomic Energy 
Commission, but particularly with the Division of Reactor Development. 
General Health Principles 

From the public health standpoint the primary consideration is the 
overall effect on people of exposure to all types of radiation in the expected 
but variable pattern of sickness, health, and age. Consequently, even though 
we are principally dealing for purposes of these hearings, with the question 


of disposal of radioactive wastes, we must bear in mind that this is only one 


* Dr. David E. Price, Chief, Bureau of State Services, PHS 


** Dr. Ernest C. Tsivoglou, Senior Sanitary Engineer, Water Supply and Water 
Pollution, Robert A. Taft Sanitary Engineering Center, PHS. 
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facet of possible radiation exposure that must be considered by health 
agencies. In addition to external exposures from X-ray and background, 
human populations may ingest or inhale radioactive materials. Therefore, : 
in determining criteria for the safe disposal of radioactive wastes all means 
of exposure of local or national population must be considered. In view of 
these principles it is most important to know the current concentration of 
radioactive materials in air, foods, and drinking water, the existing pro- 
tection mechanisms, and the basis for current radiation standards if they 
exist. 

Water Decontamination Studies 

With these thoughts in mind, soon after the creatior of the Atomic 
Energy Commission, the Public Health Service developed a research program 
cooperatively with the Commission and the Department of Defense, and with 
the advice of several professional organizations to lean quantitatively and 
qualitatively about radioactive wastes and the effectiveness of existing water 
treatment facilities when applied to raw waters contaminated by radioactive 
materials. The results of the early stream studies have been presented by 
Dr. Tsivoglou in his reference to the Columbia River studies (1) and the 
Savannah River studies (2). Concurrently the experimental work on decontamin- 
ation of radioactive waters was undertaken at Oak Ridge. The results of these 
studies may be summarized in the following way. (3) 

In the water treatment processes involving coagulation, settling and 
filtration, most of the radioactive particles will be removed, but only about 
10 - 70% of the dissolved radionuclides will be removed. Ion exchange resins 
can be used to reduce the dissolved material by 99%. Another effective but 
costly process is distillation. Neither of these processes, however, is 
sufficiently economical to encourage their use as a method which could be 
utilized by large cities and industries to protect themselves from abnormally 


high concentrations of radioactivity. 
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It was our judgment after a major portion of these studies were completed, 
that first consideration should be given to the control of radioactive wastes 
at their source, and secondly to alternative water supplies, preferably from 
ground water sources which are known to have low concentrations of natural 
radioactivity. This tentative conclusion was strengthened by continuing 
research carried out by the Public Health Service as a part of the basic 
pregram, and for the Department of the Navy, the Air Force, and the Atomic 
Energy Commission. (4) 

Environmental measurements undertaken as part of the radiological 
surveillance activities of the Public Health Service (an example of which is 
contained in Appendix A) indicated that the water works operator and the 
health official were not only confronted with natural radioactivity and 
possible waste materials from reactors and radioisotopes, but that very 
appreciable quantities of gross radioactivity were being deposited on the 
ground in the rainfall and in our water courses from the nuclear debris from 
atomic weapons tests. Concurrently, however, our continuing liaison with 
major installations handling industrial atomic eastes, such as Oak Ridge, 
the Savannah River plant, and the Idaho Operations Office, indicated that these 
installations were sufficiently isolated and controlled so the major pro- 
ducers of environmental activity at these installations probably would not 
be a cause of public health concern in the near future. 

This background material defines at least qualitatively the impact of 
radioactive wastes and associated activity on both the industry and the public 
agencies responsible for the safety of water supplies. It appears that the 
atomic waste treatment facilities should be asked to produce an effluent of 
sufficient purity so the water at the intakes of water treatment plants 


will be as close to drinking water standards as general environmental con- 


tamination will allow. 
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If the raw waters are contaminated, the waterworks operator and the 
health agencies which assure the safety of the water supplies, should first 
initiate continuing measurement and evaluation of radiological quality. 

If these relatively simple technics feil to assure a safe water supply 
radiologically, those responsible are confronted with major changes in 

their basic water supply planning either from the standpoint of sources or 
treatment or both. Estimates of the cost of such major changes in water supply 
systems even on a single river system would be a major engineering effort. 

Thus the economics of waste disposal involves both the industrial 
unit producing the waste, and the agencies responsible for the safety of 
public water supplies. 

Wastes at Power Reactor Sites 

With the foregoing considerations in mind, a few years ago the limited 
resources of the Public Health Service were shifted to activities which would 
have the most immediate impact on radiation emanating from power reactors, 
and the measurement and evaluation of all of the radioactivity which is found 
in the environment. 

An opportunity for both study, service, and experience became avail- 
able during the planning of the Shippingport reactor. It was our belief that 
this reactor system could serve as a prototype for the development of a 
satisfactory technical and administrative pre- and post-operational evaluation 
system of a typical power reactor. Through the cooperation of the AEC 
Naval Reactors Branch, a quantitative report on the prospective wastes, an 
evaluation of the waste treatment system, and its probable effects on the 
river were developed. (5 and 6) With the State of Pennsylvania and the 
Pittsburgh Operations Office of AEC an administrative instrument in the form 
of a waste disposal permit was developed which was approved by the State 
Board of Health to serve as the basis of both administrative action and public 


understanding (Appendix B). . The Public Health Service has continued its 
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assignment of personnel to the Pittsburgh Operations Office, and that agency 
has continued to supply data which illustrate the type of information which 
public health agencies must tabulate and analyze to assure against over- 
exposure. (Appendix C) 

It now appears that the prospective operator of nuclear reactors is 
confronted with a complex environmental situation in which the radioactivity 
being discharged to the environment is mixed in with other natural and man- 
made radioactivity in similar concentrations. While these concentrations are 
low, they are in a range which fluctuates around a level of activity of 1078 
uc/cc, which has been considered to be the level at which further identifica- 
tion of radionuclides is necessary to assure public exposure below maximum 


permissible levels. 


High Level Wastes 


“eee 


The Public Health Service has made estimates of the potentialities of 
high level waste production (7) and has tried to inform the health depart- 
ments through its training courses and writings that the majority of the 
fission products which are produced would decay within the reactor system 


or be handled in chemical processing plants. Our calculations for given power 


levels generally parallel those made by the earlier speakers, such as 


Dr. Culler in his published work. The principal variable in these calculations 


is the predicted nuclear power level. (8) 4 
For several years, the Public Health Service worked with the AEC at 

Oak Ridge on the disposal of intermediate wastes. Currently our principal 

association with relatively high level material is through our cooperative 

project at the Idaho Operations Office. This involves environmental measure- 

ments of the emanations from both reactors and from the chemical processing 

facility there. In addition, one of our trainees at the Massachusetts 


Institute of Technology, working on an AEC project with Professor Eliassen, 


has developed a coramic material which may be useful in some types of relatively 
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high level waste disposal (9). 

The prinsipal emphasis of the AEC high level waste research is reported 
as the selective disposal of hazardous isotopes, ocean disposal, subterranean 
disposal in salt domes, ion exchange in soils, fixation in ceramic materials, 
pyro processing, and economic utilization of fission products. In practically 
every case the development of a feasible method for handling of these wastes 
involves questions of health either during transportation, chemical processing, 
or disposal. (8) Therefore, health agencies are vitally interested in this 
research particularly regarding the relative health hazards involved in each 
system of transportation, chemical processing and ultimate disposal. 

Operationally, the health agencies understand that tank storage is 
the present method of choice for high level wastes. These storage facilities 
are now located at a relatively few government-operated processing plants. 

In our planning it is expected that this situation will continue and that the 
economic burden of this phase of the disposal problem will largely rest on 
the Federal Government during the immediate future. 

Limited staff work indicates that the cost estimates of high level 
waste disposal in future years, reported by Culler and others, are quite 
reasonable, and that the Nation can expect that the operational requirements, 
insurance, and radiation protection requirements related to the handling, 
transportation, processing and disposal of high level radioactive wastes will 
require multimillion dollar expenditures. The portion of this expenditure, 
which will be placed upon health agencies, local communities, and individual 
industries, will depend upon many factors including acceptable health 
standards and the extent to which major changes in nuclear fueling and 
reactor operations develop, as well as factors related directly to waste 


handling and disposal. 
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£ i ial 
Conventional, Industrial and Medical Uses 


The Atomic Energy Commission has reported the distribution of several 
hundred thousand curies of radioactivity to qualified purchasers in over a 
hundred thousand shipments. These are principally for medical, industrial, 
and agricultural research purposes. However, of this amount, a substantial 
portion is in the form of sealed sources of radioactive cobalt-60 and iridium. 
These sealed sources do not normally constitute a potential environmental 
contamination hazard in the usual sense. Radioactive iodine and phosphorus 
are other isotopes which might reach the air and water in appreciable 
quantities. Both iodine-131 and phosphorus-32 have short half-lives which 
automatically limit their contribution to exposure. Thus, in a comparison 
with the waste potentialities of fuel processing plants and reactors, it 
would appear that the environmental hazards from the isotopes program are 
associated primarily with their widespread distribution, transportation, and 
variability of the technical competence of the users, rather than with their 
magnitude or the relative hazard of the specific isotopes involved. From 
the standpoint of radiological public health costs, it would appear that 
the requirements for personnel and equipment of this phase of waste disposal 
would not place an identifiable burden upon health and related agencies 
which in the future should provide themselves with appropriate competencies 


for their other activicies applicable to the use and disposal of radioactive 


materials. 
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Environmental Tracers and Peaceful Uses of Nuclear Detonations 

Tracer studies using large quantities of long-lived activity such as 
tritium and the peaceful uses of nuclear detonations for industrial applica- 
tions have been proposed recently. These applications of nuclear energy have not 
been studied in detail by the Public Health Service, At this time we would 
like to clearly differentiate between the hazard potentialities of these 
applications and those of conventional industrial and medical uses. 

Some of the proposals may require a clearer delineation of the benefits 
to be derived, administrative and financial responsibilities, correlation 
with other radiation hazards in the area, and a review by a variety of 
scientific competencies and public agencies, in addition to normal health 
physics considerations. 

Costs of the associated radiation safety activities which the public 
health agencies may be expected to bear have not been estimated by the Public 
Health Service, Our experience with health and safety operations related to 
reactors and weapons testing suggest that considerable expenditures will be 
required by the State and local agencies to carry out their responsibilities. 
Preoperational and Operational Surveys 

The experiences described in the previous sections have often led to 
planning and executing minimum radiological surveys in cooperation with 
many Federal and State agencies. Nearly all of these involve cooperation 
with the AEC. They include the Navy shipyards; the NACA reactor, and the 
State of Ohio; the Elk River reactor and the State of Minnesota, the Camden- 
Philadelphia area with regard to the N, S, SAVANNAH; and the State of Michigan 
relative to the reactor near Monroe. The more complete studies of the Ohio, 


Columbia, Savannah and Animas Rivers have been reported by Dr. Tsivoglou. 
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An understanding of the reactor type and details of its waste handling 
plans is necessary in every instance to plan for the sampling and analysis 
in a significant way. The execution surveys even on a minimal basis will 
place further fiscal requirements on the government and industries concerned 
as the nuclear industry develops. The costs will also be affected by existing 
levels of radiation in the environment which often preclude reliance upon 
gross counting technics, (10 and 11) 

Generally, we have encouraged reactor planners and health agencies to 
obtain minimal amounts of pre-operational data in the areas surrounding the 
reactors both as a check on their safety and waste systems, and also to have 
facts available when high levels of radioactivity are found so the emanations 
from the reactor system per se may quickly be identified, and where possible 
controlled, 

Methodology 

The cost of measuring radioactivity has led the Public Health Service 
to intensify its research on methodology. Engineering studies show the presence 
‘of radioactive materials in all phases of the environment. Gross determina- 
tions, although of value in indicating trends in activity level, are not readily 
related to hazard. Because of their radiological, biological, chemical, and 
physical characteristics, each radionuclide has its own maximum permissible 


concentration in air, water, milk, or food. In applying these values one 


should not neglect the hazards associated with stream uses over and beyond use 


of water for domestic purposes, External hazards associated with swimming and 
the industrial use of water must also be considered, (12, 13) 

The task of determining specific radionuclides in environmental media 
is not simple. Extremely low concentrations of the radionuclides must be 


separated from very large amounts of stable and inert materials. Thus, 
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sample preparation for the separation of individual radionuclides presents 
one of the greatest problems, For example, the determination of an isotope 
such as strontium-90 in sea water, milk, biological materials, etc., is 
quite different from its determination in fresh water, soil, or air. Much 
effort has been expended, therefore, on the part of the Public Health 
Service, to develop methods for the separation and identification of the more 
hazardous radionuclides in these environmental media. Essentially, the 
approach has been to look for the most hazardous radionuclide first. If it 
is absent, one looks for the next most hazardous, etc., until the major 

more hazardous radionuclide activities have been identified or shown to be 
absent. Methods have been published for the identification of total radio- 
strontium, strontium-90, strontium-89, barium-140, cesium-137, iodine-131, 
cerium-141, cerium-144, ruthenium-103, ruthenium-106, yttrium-90 and 
radium-226 in water (12-16); the same nuclides plus cobalt-60 adsorbed 

on bottom muds (17); modifications of the above with soils; total radio- 
strontium, strontium-89, strontium-90, barium-140, iodine-131, and cesium-137 
in milk (18); and the qualitative determination of many radionuclides in a 
variety of materials by gamma spectrometry (19-20). Currently, methodology 
is being developed to separate and identify these radionuclides in estuarine 
and marine water and associated biota. 

With the means for identifying the specific radionuclides at hand, and 
the variety of environmental samples available through the current surveillance 
operations of the Public Health Service, some estimates of each of the more 
hazardous radionuclides affecting man can be estimated, For euantits from 
the intake of strontium-90 through such vehicles as air, water, milk, and other 


foods, an estimated total strontium-90 body burden can be calculated as a 
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function of concentration and period of intake. This can then be related to 
the dose, In the same manner, the radiation dose contributed by each of 
the other radionuclides can be estimated. To these would be added the ex- 
posure from naturally occurring radioactive materials, the external radia- 
tion from cosmic rays and naturally occurring radionuclides, and from x-ray 
and other ionization-producing devices, Thus, in the future, man's total ex- 
posure may be estimated. 

The maximum permissible concentrations for radionuclides in any 
environmental phase relate specifically to the manner in which that phase 
is employed by man. If the air and water in a particular erea contain 


radioactive materials, it is quite probable that milk and foodstuffs produced in 


~= 


that environment will also contain radioactive materials. Because activity 
levels in water meet criteria for drinking, or levels in air meet criteria for 
breathing, does not necessarily mean milk or foodstuffs from the area will 
also meet acceptable standards. Measurements covering one environmental phase 
are not adequate for estimating the hazard due to another phase, Monitoring 
based on such a procedure can lead to a false sense of security since 
the real hazard is not always the obvious hazard, 

The studies now under way involve review and adaptation of technics and 
data supplied by the AEC, development of ideas originated by the Public 
Health Service staff, and field testing at Idaho Operations Office and at 
weapons testing installations. In air monitoring around reactors, a very 
useful item which has been tested is an activated carbon iodine sampler 
developed at the Idaho Operations Office. This can be used to collect radio- 
active iodine in the gaseous form in the environment, and could provide 


data on the concentration of iodine in air, which conventional particulate 


samplers miss. 
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Health Standards 

The need for health standards developed through occupational hazards 
associated with the use of x-ray machines and radium, Later this was supple- 
mented by the more diverse requirements of the military atomic energy develop- 
ments and by the industrial applications sponsored by the Atomic Energy 
Commission. As you know, from previous hearings, the levels for non- 
occupational purposes which are currently being used are adaptations of 
the levels prescribed for occupational purposes. In recent years many 
scientific people have raised questions about genetic as well as somatic 
effects of radiation at low levels over long periods of time. This is the 
area of particular importance to public health officials. These questions 
involve the consideration of many factors such as tissue dose, susceptibility 
of tissues, variation in the distribution of internally deposited substances, 
the symbiotic effects of multiple exposures, variability of effects with age, 
the existence or non-existence of threshold phenomena, and other matters 
which have been considered in detail by your Committee on previous occasions. 

However, even though there are differences of opinion on the precise 
level at which significant health effects may be produced, it seems to be 


the scientific consensus that radiation levels closely corresponding to those 


often found in the natural background can serve as operating recommendations 


at the present time for the more significant isotopes. In the past, the 
Public Health Service has made every effort to be as consistent with the 
National Committee on Radiation Protection recommendations as interpreta- 
tion of those recommendations and methodology would allow. Looking to the 
future, however, it is apparent that very serious thought must be given to 
the fundamental factors mentioned above and to details such as the units in 


which the radioactivity will be expressed, i.e., micromicrocuries per liter 
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vis-a-vis micromicrocuries of strontium per gram of calcium, since interpre- 
tations, calculations, and laboratory work will be extensively affected by 

the simple choice of units, Generally, the strontium unit offers many 
advantages in terms of evaluating milk. In evaluating water affected by radio- 
activity its use could lead to excessive concern where waters of low calcium 
content are involved, The terminology of "maximm permissible" while offer- 
ing many advantages where occupational exposure is involved, presents many 
difficulties in interpretation of the health significance of the levels of 

a mixture of fallout and reactor effluent which will be measured by the 

public health agencies. 

It is our hope that the scientific groups developing standards and 
providing the research data on which standards are based will give considera- 
tion to the establishment of several levels at which health agencies should 
take appropriate action consistent with risk, rather than to rely entirely 
upon one level and to define it as maximm permissible, The levels that are 
finally chosen may have more effect on the economics of waste handling and 
disposal both in the construction and operation stases than any other single 
factor related to health. Likewise, the requirements of the health agencies 
for staff and equipment to perform the essential health measurements and 
evaluations will be affected in a maior way by the standards that are chosen, 
Summary 

It is our current belief that the over-all radiation in the environment 
in the country will become more complex, and the radiation levels will 
generally tend to increase to a point where current health standards will be 
threatened. A controlling factor in the development of the atomic energy 


industry may be the economics of waste disposal methods necessary to meet 
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these criteria. Thus, it is of great national importance that a firmer 
basis for the health standards be developed as rapidly as possible, and 
that economical and significant methods of analyses which can be related 


to these standards be developed and approved by appropriate professional 


organizations. It is expected that the Pvblic Health Service concurrently 


must apply its resources to the technical assistance, research, and train- 
ing programs in a major way so that the health agencies can contribute to 
the peaceful development of atomic energy with a minimum exposure of the 


people to ionizing radiations. 
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APPENDICES 


Appendix A "The Nature of Wastes Produced in the 

(See page 72) Mining and Milling of Uranium Ores" 
by Duncan A. Holaday, Occupational 
Health Field Station, Salt Lake City, 
Utah, Occupational Health Program, 
Public Health Service. 


Appendix B Industrial Wastes Permit #1832, 

(See page 2811) Commonwealth of Pennsylvania, 
Department of Health, Sanitary 
Water Board, Harrisburg. 


Appendix C PWR - Waste Operation Experience from 
Duquesne =- PNROO - PHS Liaison - 
Summarized by Special Projects Branch - 
Division of Radiological Health - 
Jan. 12, 1959. 


Appendix D Training Activities, Division of 
Radiological Health - January 1959. 
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APPENDIX C 
PWR - WASTE OPERATIONS EXPERIENCE 
from 
DUQUESNE - PNROO - PHS LIAISON - Summarized by SPECIAL PROJECTS BRANCH 
DIVISION OF RADIOLOGICAL HEALTH 
The accompanying graphs represent a monthly summary of the 
volume of liquid, and quantities of radioactive material released to 
the Ohio River as compared to the design criteria. Attention has been 
paid only to liquid and gaseous wastes since there is no possibility 
of solid waste being released to the public environment. Airborne 
particulate contamination is also effectively eliminated by the filter- 
ing and scrubbing of the gases resulting from the incineration of 
combustible solids. The gaseous activity is then limited to gaseous 
fission products (Kr and Xo) removed from the reactor plant effluent. 
Of the other activity contained within the resultant waste, 
approximately 20% consists of Tritium with the remaining 80% being 


due to the fission and corrosion products in the reactor coolant. 


Of this latter 99.34% will be removed by decay or by ion exchange 


resins before the wastes are discharged to the river or to the atmos- 
phere; 0.17% will be discharged to the atmosphere; 0. 0034% to the 
Ohio river, and 0.4866% is contained in the wastes which are drummed 
for ocean disposal. 

Neither special waste, consisting of liquid from the "hot" 
laundries and the laboratory drains, nor the reactor plant effluent, 


which may be processed, if necessary, through ion exchange resin, 
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and a gas stripper which removes the Kr and Xo, exceeded the design 
criteria. Special wastes contributed 6300uc for the 10 month period 
as compared to a design criteria for 32,200uc for 10 months. In the 
same period the reactor plant effluent contributed 26,900uc of 
corrosion and fission product activity as compared with an estimate 
of 38,400uc, and approximately 46 curies of Tritium versus and estim- 
ated 3000 curies. The total gross activity released, exclusive of 
Tritium, was 34,8l2uc as compared to 47,700uc per month design. 
Referring back to the graphs, the gross activity discharge to the 
river is a summation of 3 types which are shown individually in 
terms of the exchange activity released per month in uc/ml. Non- 
active waste consists of wash water from the "cold" laundry and 
from the showers, twice exceeded the design criteria in the terms 
of uc/ml within the first 10 months of 1958, however the total 
activity released in this period 16l3uc was well below the estimated 
value of 6450uc for 10 months. 

Release of the stored gases will occur approximately every 
four months. During 1958, 37,58luc of activity, principally Kr®> 
due to decay of the other fission product gases during the storage 
period, were released. The design criteria provides for the release of 
2,000, 000uc per month. 

In some cases the volumes of liquid and gases released exceed- 
ed the design criteria, but since the total amount of activity was 
less than design, this only served to further lower the concentrations 


uc/ml below the design values. 
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Fig. | TOTAL GROSS GAMMA ACTIVITY DISCHARGED TO OHIO RIVER FOR 1958 
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Fig. 5 JRITIUM ACTIVITY IN REACTOR EFFLUENT DISCHARGED TO OHIO RIVER - 1958 
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APPENDIX D 


TRAINING ACTIVITIES 
DIVISION OF RADIOLOGICAL HEALTH 


The Public Health Service, within its Division of Radiological Health, 


conducts a training program at the Robert A. Taft Sanitary Engineering 


Center. The purpose of this program, instituted in 195l, is to narrow the 

gap between the acquisition of new knowledge and its application in the 

laboratory as well as in the field. This is accomplished through presentation 

of intensive short-term technical courses, specifically designed for professional 
personnel from regulatory agencies, industry and academic institutions. 

Currently nine courses are offered. Those related to radioactive waste 

disposal include: 

a. <A two-week course in Radiation Protection dealing with in-plant 
aspects involving the handling of radioactive materials. Hazard 
evaluation methods are introduced and proper handling and dis- 
posal procedures are stressed. 

A ten-day course, Environmental Health Aspects of Nuclear 
Reactor Operations, stressing the importance of site selection 
and waste management in minimizing potential health hazards. 

A one-week course, Radioactive Pollutants in Water, directed 
toward water pollution control personnel and covering waste dis- 
posal and water surveillance methods. 

A one-week course, Radioactive Pollutants in Air, similar in 
scope to the water course, but directed toward air pollution 


control personnel, 
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e. A two-week course, Determination of Radionuclides, related to 
the radiochemical analysis of waste materials and environmental 
media. 
A two-week course covering the sanitary engineering aspects of 
nuclear technology, designed to meet the need by key personnel 
in administrative and directive capacities for broad knowledge 
in nuclear science and technology. 
These courses are conducted by’a permanent professional staff 
augmented by personnel from Public Health Service headquarters and research 
programs and consultants from universities and other federal government agencies 
such as the AEC, USOS, and NBS. 
During the past 3 years, nearly 500 persons have attended the courses 
described above. Over 10% of these trainees have been from industry. 
To these might be added an almost equal number of trainees attending 
sir ‘lar courses at the Robert A. Taft Sanitary Engineering Center in the fields 
of air pollution, water supply and water pollution control, and milk and food 
sanitation. These latter courses are sponsored by the Division of Sanitary 
Engineering Services. Although a detailed study of radioactive waste disposal 
is not their principal objective, the problem as related to each specific field 
is incorporated into all such courses. 
Many laboratories at the federal, state, and local level are today 
analyzing environmental and waste samples for radioactivity. Recognizing the 
need for evaluation of data obtained as well as techniques employed, the 


the Division of Radiological Health supports, in cooperation with the Division 





ies 
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of Sanitary Tagineoring Services, an Analytical Reference Service. Through 
distribution of samples, containing known concentrations of radioactive 
materials, to some 50 member laboratories, the Analytical Reference Service 
has obtained valuable information in this realm. Such information is of 


considerable significance in evaluation of current waste disposal methods. 
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Mr. Territy. In view of the comprehensive nature of these hear- 
ings and the excellent presentations made by the other speakers, my 
remarks will be confined to those aspects of radioactive waste disposal 
that seem to be of major importance from a public-health standpoint. 
In addition, I will comment on economics of waste disposal principally 
as it may affect health agencies and purveyors of public water supply. 

From the public-health standpoint, the primary consideration 1s the 
overall effect on people of exposure to all types of radiation in the ex- 
ected but variable pattern of sickness, health, and age. Consequent- 
* we must bear in mind that radioactive wastes are only one facet of 
possible radiation exposure that must be considered by health agen- 
cies. Therefore, in determining criteria for the safe disposal of 
radioactive wastes, all means of exposure of a local or national popula- 
tion must be considered. 

In view of these principles, it is most important to know the cur- 
rent concentration of radioactive materials in air, foods, drinking 
water, and the existing protective mechanisms. Soon after the crea- 
tion of the Atomic Energy Commission, the Public Health Service 
developed a research program cooperatively with the Commission, the 
Department of Defense, and with the advice of several professional 
organizations, to learn quantitatively about radioactive wastes, and 
the effectiveness of existing water-treatment facilities. 

The results of the early stream studies have been presented by Dr. 
Tsivoglou in his reference to the Columbia River and the Savannah 
River studies. Concurrently experimental work on decontamination 
of radioactive waters was undertaken at Oak Ridge. The results of 
these studies may be summarized in the following way: 

In the water-treatment processes involving coagulation, settling, 
and filtration, most of the radioactive particles will be removed, but 
only 10 to 70 percent of the dissolved radionuclides will be removed. 
Ion exchange and distillations which are more effective are also much 
more expensive. Thus first consideration should be given to the con- 
trol of radioactive wastes at their source and second to alternate water 
supplies, preferably from ground-water sources. Environmental sur- 
veillance activities indicated that the waterworks operator and the 
health official were not only confronted with natural radioactivity 
and possible waste materials from reactors and radioisotopes, but that 
very appreciable quantities of gross radioactivity from atomic weap- 
ons tests were contaminating water sources. 

This background material defines at least qualitatively the impact 
of radioactive wastes, and associated activity, on both the industry 
and the public-health agencies responsible for the safety of water sup- 
plies. Thus, it now appears that the atomic-waste treatment facili- 
ties should not be allowed to discharge wastes which reach this Na- 
tion’s waters unless they produce an effluent of sufficient purity so the 
water at the intakes of water-treatment plants will be safe from a 
radiation viewpoint taking into consideration natural and man-made 
background. 

The waterworks and the health agencies should initiate evaluation 
to determine if raw waters are contaminated. If relatively simple 
techniques fail to assure a safe water supply, those responsible are 
confronted with major changes in their basic water-supply planning, 
either from the standpoint of sources or treatment or both. Estimates 
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of the cost of such major changes in water-supply systems, even on 
a single river system, would be a major engineering effort. 

Thus the economics of waste disposal involves both the industrial 
unit producing the waste and the agencies responsible for the safety 
of public-water supplies. 

A few years ago, the resources of the Public Health Service were 
shifted to activities which would have the most immediate impact on 
the evaluation of radiation emanating from power reactors. These 
include planning with the designers and the measurement and eval- 
uation of all the radioactivity which is found in the environment. An 
opportunity for both study, service, and experience became available 
during the planning of the Shippingport reactor. It was our belief 
that this reactor system could serve as a prototype for the development 
of a satisfactory technical and administrative operating evaluation 
system of a typical power reactor. Through the cooperation of the 
Naval Reactor Branch of AEC, a quantitative report on prospective 
waste, an evaluation of the waste treatment system, and the probable 
effects of the treated waste on the river were developed. 

With the State of Pennsylvania and the Pittsburgh Operations 
Office, an administrative instrument in the form of a waste disposal 
permit was developed which was approved by the State board of 
health. This document serves as the basis of both administrative 
action and public understanding. The Public Health Service has con- 
tinued its assignment of personnel to the Pittsburgh Operations Office, 
and that agency has continued to supply data which illustrate the type 
of information which public health agencies must tabulate and analyze 
to assure against overexposure. 

The prospective operator of nuclear reactors is confronted with a 
complex environmental situation in which the radioactivity being dis- 
charged to the environment is mixed in with other natural and man- 
made activity already present in similar concentrations. While these 
concentrations are low, they are in a range that is around a level of 
activity of 10 to the minus 8 microcuries per ml (10— *ye/ml.) which 
has been considered to be the level at which further identification of 
radionuclides is necessary to assure public exposure below maximum 
permissible levels. 

At this point, I should like to depart from my prepared remarks to 
say that I feel it is very important for the designers and operators of 
nuclear powerplants to work closely with local, State and interstate 
health agencies in matters involving radioactivity. In this regard, 
Admiral Rickover and his staff have been exemplary in cooperating 
closely with us both at the Shippingport atomic power station, and in 
connection with the operation of nuclear-powered naval ships. 

They have provided detailed technical information which clearly 
indicates a great deal of care in the design of their waste disposal 
operations and provides a sound basis for mutually checking condi- 
tions. The same thing has been true, I might add, of the Maritime 
Commission in their program. 

Representative Horirretp. Do you find in your work around the 
Shippingport plant that you have established liaison between the 
Public Health Service and the Shippingport people and the AEC, 
and is there a coordinated program there in which you take into con- 
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sideration all types of environment, other than that which is produced 
by the Shippingport plant ! 

Mr. Trrrity. Within the bounds of our current knowledge and the 
more complex biological and ecological systems that were referred to 
by Dr. Morgan, yes. 

Representative Ho.irtetp. There is an area that has to be coordi- 
nated; is there not ? 

Mr. Terriuu. Yes, sir. 

Representative Hoxirtetp. This depends a great deal on the evolu- 
tion of a body of law which will 7 the responsibility more de- 
finitively to the people that are responsible; does it not? 

Mr. Terri. It depends upon that to a great extent, but it also 
depends on the existing protective systems we have further down the 
river in the form of water treatment plants in case an accident should 
happen. It depends on both. 

epresentative Houirretp. The Public Health Service is in charge 
of the cleaning of the water down the river ? 

Mr. Terriu. Yes, sir; on an interstate basis; the State is responsible 
for the intrastate portion of the stream. 

Representative Houirretp. What kind of burden is going to be put 
upon the Public Health Service in the way of additional responsibil- 
ity because of these reactors that are being built? Is it going to bea 
substantial burden ? 

Mr. Terri. It would appear that the exact amount is a function 
of the rapidity with which State and local agencies can build up their 
technical competence. It would be a considerable burden in any case. 

Representative Hortrtetp. This will undoubtedly in time require 
additional appropriations for the Public Health Service and an addi- 
tional complement of skilled people; will it not ? 

Mr. Terriwt. It would, but we would also hope that we could, 
through training, keep this requirement for appropriations, trans- 
ferred to some extent to the State agencies, and over the long period 
that they would carry most of the burden. 

Representative Hotirtetp. In the event that the States do not come 
forward with their share of the supervision, appropriations, and 
training of competent people, will the Public Health Service assume 
this responsibility in the interim period? In other words, do you 
have an overall protection of the public from all types of radiation to 
the extent that you will fill the gap until State bodies assume this 
responsibility ? 

Mr. Territi. We will do our best to fill that gap; yes, sir. 

Representative Ho.irretp. What responsibility do you have to 
bring to Congress’ attention the areas which are not properly cov- 
ered by State, county and city governments? 

Mr. Terri. We hope to do this through your committee and also 
through our appropriations hearings and through the congressional 
committees that we normally work with. 

Representative Horirteip. The field of industrial supervision and 
scrutiny is much narrower than the overall field of radiation hazard? 

Mr. Territu. Yes, sir. 

Representative Horirietp. The Public Health Service at this time 
is the body which has been given the overall responsibility, although 
specific statutes define certain areas of Federal responsibility. . 
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Mr. Territu. That is pretty much the case; yes, sir. 

Representative Hotirretp. The Public Health Service being Fed- 
eral, and the AEC being Federal, is there any conflict between the 
two in the discharge of this responsibility? Maybe I should put it 
this way: Is there any planning being done in a conference between 
the top people in Public Health and the top people in AEC as to solv- 
ing this problem ? 

r. Territy. Yes, sir. Meetings have been held, and I understand 
that the Bureau of the Budget is undertaking steps to look into this 
in an overall way. 

Representative Hotirrecp. Have there been interim committees 
established by Dr. Burney and Chairman McCone to bring this mat- 
ter together into a discussion and solution ? 

Mr. Trerritt. Yes, sir. There have only been a few formal meet- 
ings, but there have been a number of meetings at the technical level. 
There have been exchanges of correspondence and draft documents. 

Representative Hotirtetp. You may proceed. 

Mr. Territt. With regard to the high-level wastes, I will only 
touch on this lightly because this has been covered so well by the 
previous speakers. However, I would like to mention that health 
agencies are vitally interested in the high-level waste research, par- 
ticularly regarding the related health hazards involved in each system 
of transportation, chemical processing, and ultimate disposal. Oper- 
ationally the health agencies understand that tank storage is the pres- 
ent method of choice for high-level waste. These storage facilities 
are now located at a relatively few Government-operated processing 
plants. In our planning it is expected that this situation will con- 
tinue and that the economic burden of this phase of the waste dis- 
posal problem will largely rest on the Federal Government during 
the immediate future. 

Limited staff work indicates that the cost estimate of high-level 
waste disposal in future years reported by Culler and others are 
quite reasonable, and that the Nation can expect that the operational 
requirements, related to the handling, transportation, and disposal of 
high-level radioactive wastes will require multi-million-dollar ex- 
penditures. The portion of this expenditure that will be placed on 
health agencies, local communities, and individual industries will 
depend on many factors, including acceptable health standards and 
the extent to which major changes in nuclear fuel and reactor opera- 
tions develop, as well as factors related directly to waste disposal. 

Representative Hotirtevp. At this point, Mr. Terrill, will you pick 
up your summary, and we have already accepted your full statement. 
We are running short of time. “4 

Mr. Terruy. In summary, I would like to say that the principal 
matters of interest to us are related to methodology and health stand- 
ards so that we actually know as well as we can what radiations are 
reaching people, what these effects on people will be, and that the 
nuclear energy industry will not be unnecessarily restricted either by 
calculations or standards that are based upon extrapolated data. 

Representative Hotirterp. Thank you very much. Are there ques- 
tions of Mr. Terrill by members of the committee? 

Mr. Hosmer. I have one question. In your printed summary on 
page 13 you make the statement, “It is our current belief that the 
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overall radiation in the environment in the country will become more 
complex and the radiation levels will generally tend to increase to the 
point where current health standards will be threatened.” 

If that is taken out of context with the rest of your statement, and 
that of the previous witnesses,.it would need a little explaining. 

Mr. Terriwy. I think, for purposes here, I would merely like to 
remark that these current health standards are being changed, and 
changes are under consideration in line with what Dr. Morgan had 
to say. We don’t know then precisely what the medical exposure is, 
Indeed in many cases we don’t know what the natural background 
is. It is a continuing question as to whether or not all of the com- 
plex factors, including continuing or not continuing the foreign and 
other weapons tests will lead to apparent excessive radiation ex- 
posures. At the moment, I am not thinking of standards in a bio- 
logical sense. I am thinking of standards with reference to calcula- 
tions and the mathematical factors that people may add, such as a 
tenth or a hundredth to the standards primarily developed for occu- 
pational reasons. It is quite easy to get readings in this way in 
excess of calculated standards in some instances. 

Representative Hosmer. In short, the quotation I read is a possi- 
bility we should be watching for rather than in the nature of a 
prediction. 

Mr. Terry. Yes, sir. I would hesitate to predict this. I would 
also hesitate to predict that we won't see numbers that would be ex- 
ceeded upon examination in an environment. 

Representative Ho.irtetp. Thank you, Mr. Terrill. 

Mr. Terriwy. Thank you, sir. 

Representative Hoxirretp. Our next witness is Dr. Abel Wolman, 
of Johns Hopkins University. 


STATEMENT OF ABEL WOLMAN,® JOHNS HOPKINS UNIVERSITY, 
BALTIMORE, MD. ; 


Dr. Wotman. Mr. Chairman, I was not too clear in my mind as to 
what the nature of this general summary was to be. I took the liberty 
of trying to look at the hearings since their beginning, with the idea 
of determining at least for myself, and I hope for the value of the 
committee, as to what the hearings up to the present moment seemed 
to disclose, at least in the highlights of the problem. Unless you have 
some serious objection to that, I should like to pursue that intent, and 
be interrupted at any stage if I seem to be going beyond that intent. 

Representative Hotirretp. Go ahead. 

Dr. Woiman. I was interested in determining as well as I could 
and on as simple a base as I could what we were talking about over the 
last 3 or 4 days. For the purposes of my comments, I should like to 
go back to stress that we are in fact discussing, to a degree never before 
presented, the types and the amounts of waste encountered in this 
industry, and likely to be encountered in the immediate and remote 
future. 

They fall into two classes, which if not sharply delineated, at least 
do have major differences in their nature, in their volume, in theit 
hazard, and in their control. 


5 See biographical sketch, p. 7. 
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The first of these is the low-activity materials which have been 
described, and for which solutions at least at the moment have been 
considered to be satisfactory. 

We have discharged at an annual rate approximately 9 billion 
gallons of low activity materials and with a total aggregate up to the 
present moment of 214 million curies. We have a second category of 
wastes, quite distinct from these, both volumewise and strengthwise, 
which have been described as the high-activity wastes, with curies 
running to one or hundreds per gallon or plus. 

In 1959 some 65 million gallons of these high activity materials are 
in storage and by various estimators the figure may run as high in 
1980 to some 10 billion curies. By the year 2000 some 200 million to 
1 billion gallons may have been accumulated. ey 

I make the distinction between the two and then I want to return 
to the problems created by virtue of the two orders of waste, or the 
two sources of waste. It has been pointed out that the significant 
differences in control in relation to the two groups are roughly as 
follows: 

In the case of the low activity or intermediate level activity waste, 
the program has been, and it has been a successful one up to the present 
time, to reduce the volume of these wherever possible with economy, 
and then disperse to nature under a very detailed control and manage- 
ment. I would not like to dispose of the problem of the low-activity 
wastes quite as simply as that, because if the industry develops in 
size, and in turn in increased production of waste, it will be con- 
fronted with a continuing necessity of the management of low-activity 
waste which will not be as simple as perhaps it sounds on paper. 
Volumes will increase, total curies will increase, and somewhere along 
the line, by some public responsibility, by some degree of total super- 
vision, nature will not be so abused by these increasing volumes, even 
of low-activity materials that we will regret the result. 

My — with respect to low-activity waste is simply that it is 
not a disappearing problem. It is a mounting one. Its great value 
is that it can be managed with economy, but it must be managed with 
rather careful criteria and extremely careful public supervision. 

May I return to the high-activity waste problem. There, as I 
pointed out in the initial statement, the practice today is to reduce it 
in volume, if possible, to contain or hold, and to proceed with as much 
research and development, about which you have heard, in order to 
reduce that even further in volume, and also to put it in such state 
that it can be handled and controlled for indefinite periods in the 
future. I do want to stop a moment to evaluate, if I may, where it 
seems to me the testimony now leaves us in the disposal of high-level or 
high-activity materials. 

A number of procedures have been suggested here. My evaluation, 
if I may dignify it as such, is a strictly personal one. It may have 
some value to the committee in indicating what next steps there ought 
to be. Much emphasis is naturally being given to fixation of such 
high-activity materials, either by ceramic methods at high tempera- 
tures, by sintering, by the fluidizing bed, or by direct chemical 
fixation which has not been too well described during these hearings. 
All of these are in a stage varying from laboratory demonstration to 
almost pilot-scale operation. 

37457 O—59—vol. 3—39 
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In the case of the fluidizing beds, I would say it is in the second 
category of pilot plant operation. All of them give some promise, 
None of the testimony has indicated at this stage what the economics 
of this kind of fixation program will be. That remains to be demon- 
strated. 

We have a second series of managing materials that at the moment 
are being held in tanks, namely, deep well injection, and disposal in 
selected geological strata, with the es emphasis on the prob- 
able use of salt beds. These methods are still in the highly experi- 
mental, almost semilaboratory stage. Their economics have not been 
evaluated, and it would perhaps be some 3 to 5 years before they can 
be. I do want to comment on utilization once again, because of the 
excellent summary statement by Dr. Manowitz, which I think sup- 
ports my initial comment that utilization does not offer an answer to 
the waste disposal problem of high-activity material. It seems un- 
likely that it ever will. 

The degree of purification which may be required is of such tre- 
mendous high efficiency that we know of no procedure by which it can 
be attained, certainly at this time. 

On disposal at sea, Dr. Revelle will have more to say. I had the 
benefit of reading Dr. Pritchard’s comment, and I would say that the 
enthusiasm for disposal even in coastal waters is quite low. The en- 
thusiasm for ocean disposal is even lower. Unless Dr. Revelle comes 
forward with an indication that he is in complete variance with this, 
this is my present assessment of that potential for high-level material. 

Transportation problems, of course, loom up large. They indicate 
some kind of continuing direct governmental responsibility for cri- 
teria of transportation, and certainly for supervision. 

All of this would lead me to say that we are confronted with a 
necessity for a long-term research and development program. By 
long term, I would suggest that this may extend into generations. I 
make that emphasis because a short-term budgetary aid to research 
and development in this very important field, which extends over a 

ear or only 2 years, is not likely to produce the result required. This 
is literally a long-term necessity for which there ought to be a con- 
tinuity of appropriation which can be used by the Commission, by 
research institutes, by the various operations offices, and by all groups 
who may interest themselves in this. 

I might say, in summary, with respect to cost that the costs of 
pases handling of wastes is high in absolute figures. It is, as has 

en pointed out, relatively low in figures in relation to total potential 
nuclear fission power costs. But they are still higher than anyone 
would like to see them. Holding in tanks for any indefinite future 
is not attractive to most people in the business. Most would consider 
it as an interim necessity while these other developments proceed, we 
“> at high pace. 

ay I say a word as to the implications of all of this. This is a 
struggle betwen protection of a human society and economics, in 
which the accomplishment has been high in protection and in which 
the economics have been correspondingly high in absolute numbers. 
The ee are there will have to be provided as time goes on 
a very high sustained quality of pe supervision for the rest of 
the life of the development of the industry. Some comment has 
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been made in almost all the papers on the location of that supervision. 
My own judgment would be that it will not be an either/or kind of 
governmental supervision. This would seem to be not a contest be- 
tween the State and the Federal Government, nor a contest, inciden- 
tally, between the Atomic Energy Commission and the other Federal 
agencies. There has been some suggestion that the knowledge, the 
equipment, the understanding, the deep-seated technology are resident 
only in the Atomic Energy Commission. I am sure that the Com- 
mission would be the last to accept that “exclusion” responsibility. 
My point is that the control of this industry in the future is a private- 
pantie combination. It is furthermore on the Federal level a re- 
sponsibility of multiple agencies. I would predict that responsi- 
bility resting solely in the Atomic Energy Commission for inspection 
of this advancing nuclear industry would fall of its own weight if 
the industry grows as we hope it will. 

It would appear to me that therefore this problem pushes us toward 
a division of understanding and responsibility by multiple Federal 
agencies. Perhaps, much of such a responsibility, in the long history 
of public health responsibility, is in the Public Health Service. 
Almost nothing that has been done in the atomic energy industry with 
respect to many, many methods of disposal of low activity and 
high activity wastes has been done solely by the Atomic Energy Com- 
mission alone. It has sought and has had the cooperation of the 
U.S. Geological Survey, the Public Health Service, the Weather 
Bureau, and many other Federal agencies. It would be my guess 
that this multidiscipline approach, multi-Federal-State agencies ap- 
proach, will increase rather than diminish. 

I might add, Mr. Chairman, that by the widespread development 
of the industry, a joint cooperative effort by Federal agencies and 
State agencies, to me at least, seems inevitable. If we go beyond the 
immediate problem of the nuclear power industry, it is incredible that 
the inspectional service of every source of radiation could be handled 
from a Central Government unit alone. 

This becomes, therefore, not a choice, as I say, of one governmental. 
level versus another, or of public responsibility versus private respon- 
sibility. The future will disclose that this will move forward on 
multiple fronts rather than on a single front. I say this with perha 
a greater degree of assurance than I might, but it is predicated on the 
fact that as soon as this total radiation industry of any kind falls 
into the normal streams of activity of our country, to my mind the 
better. When it does, it will fall under the competence, the review, 
and the supervision and inspection of the normal group of agencies 
with which our country has Sell accustomed to live for well over 150 
years. 

Representative Hoxtirretp. Thank you very much, Dr. Wolman. 

Dr. Wotman. Thank you, sir. 

Dr. Roperr. Dr. Wolman, I think you have made an excellent and 
succinct summary of what has gone on so far. I think there are two 
points which we might perhaps like to bring out in this summary on 
which you might wish to comment. One is the fact that the low level 
waste must inevitably always exist, and while the level that we permit 
ourselves may go up or down, depending on the growth of the industry 
and the variance of permissible levels as we learn more and more, 
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there will also have to be this use of our environment as a diluting 
medium. ‘That is extremely important to the industry, as a matter of 
fact. One of the things I think we should emphasize is that one of 
the very big reasons for hanging onto all of the high level waste is 
that a small amount of that uses up a large quantity of this diluting 
power, and we must hang onto that jealously because it is important 
to us in the operation. 

Dr. Wotman. May I summarize my comment to this extent? I 
would say for well over 40 years I have been a strong advocate, in the 
‘ase of other pollutants more familiar to us, of using nature, under 
control, as one of our major methods of disposal. I would establish 
and use exactly the same thesis with low level activity in the radiation 
field. I think we would be discarding an extremely valuable natural 
asset if we did not make use of nature with low activity waste. My 
only comment was that, when we do that, as we do in any other kind 
of pollutant, we must do it with logic, with criteria, and with per- 
sistent monitoring. That was not intended to indicate that we should 
stop doing it, because I think we would throw away an extremely 
valuable disposal method. 

I share your view completely that we cannot do this at all with 
high level activity, because we would ruin the whole business. 

Dr. Ropvcer. The second point is tied in with it somewhat, and has 
to do with costs. When we speak of the very high level of cost, we 
have a tendency, I think, to be thinking in terms of the high level 
waste and the cost of hanging onto it. I think we should emphasize 
the fact that the low level waste operates in general at a relatively 
modest cost. I think from a research institution such as our own we 
spend less than 1 percent of our operating budget in handling low level 
waste. I think this is true of the production sites, too. 

The point here is that while this operates chiefly on the large volume, 
if we so contaminated our diluting environment that we had to treat 
the entire waste, then the statements which are sometimes erroneously 
made, that waste disposal is going to put us out of the economic picture, 
would be true. 

Dr. Wortman. I am sure it would be true if we had to do that with 
low level activity. I keep referring to the high level activity waste 
cost as high in unit absolute values, and low in relative values. I would 
stress that fact. I would add this comment. If we were to rehearse 
in any of the familiar industries the cost of waste handling, I believe 
we would get ourselves into a similar pessimistic situation of saying 
that absolute cost is pretty high, relative cost in the unit product, either 
of steel or paper or anything else, is quite low. I think it is worth 
stressing that. We move in this field from an optimistic level to a 
pessimistic level all the time. Optimism is generally characteristic of 
the operating man because he is close to the task and he sees it as a 
family type of activity, sometimes perhaps with a higher degree of 
optimism than I would share. The pessimistic regulator or supervisor 
looks at it from the other end. Somewhere in between is probably the 
route we should travel. 

For example, when Mr. Sporn points out that the handling of. high 
activity wastes will ultimately have to become an industry responsi- 
bility, a feeling which I share—ultimately, and he compares it with the 
wastes with which they have struggled over the years, namely, the use 
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of fossil fuels and the handling of coal ash, and the like, I would 
merely point out that he looks at it from the optimistic standpoint, 
while the industry, with the possible exception of his own group, has 
not been oaneatie ean in keeping a good deal of that ash out 
of a good deal of the atmosphere or certain other areas. 

Representative Houir1eLp. This would apply to the pollutions in the 
streams with chemicals, too. 

Dr. Wotman. Without question. I would reduce the total optimism 
of some of the hearings, and I would raise the total pessimism of some 
of the hearings to what I think would be a more realistic picture of the 
world in which we live. 

Representative Hoxirrecp. On the point of the State compacts, the 
upper and lower States of the upper Colorado have been engaged in 
litigation. for the last 29 years as a result of compacts, and have not 
arrived at a solution yet of the division of the water of the Colorado. 

Dr. Wotman. I should not whisper this, but in all of the activities 
the progress generally is geological and not chronological. 

Representative Ho irre.p. T hank you very much. At this time 
we will ask Dr. Roger Revelle, of the Scripps Institution, to come to 
the stand. We are going to try to conclude the hearings even at the 
risk of running over a little bit, because of conflicting appointments 
of some of the members during the afternoon. 

Dr. Revelle, we are glad to have you with us. 


STATEMENT OF DR. ROGER REVELLE,* SCRIPPS INSTITUTION 


Dr. Revete. I take it that you want me to talk particularly about 
the possible effects of the introduction of waste into the marine en- 
vironment. 

Representative Houirrep. Yes. 

Dr. Reve.ie. I would first like to enter a caveat that our knowl- 
edge of most of the processes in the ocean is altogether too fragmen- 
tary to permit precise predictions of the results from introduction 
of a given quantity of radioactive materials at any particular place. 
In order to obtain the necessary knowledge, adequate, long-range 
programs of research on the physics, chemistry, and geology of ihe 
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sea, on the biology of its contained organisms is required. In addition 

to engineering studies of particular waste-disposal problems as they 
arise. The results of engineering studies are necessarily limited in 
application. Moreover, they must always be conservative, at least 
until sufficient broad understanding is obtained. It is also well to 
keep in mind that all parts of the ocean and its bordering seas are 
in communication with each other, and are in continuous motion, 
although it is true that the rates of movement differ greatly in differ. 
ent areas. There is eventually complete interchange of water between 
all oceans and seas, some parts being partially isolated from others, 
and the exchange between these parts being much slower than within 
them. 

What happens in any point in the sea ultimately affects the waters 
everywhere. Of course, the oceans are international. No man and 
ne nation can claim the exclusive ownership of the resources of the sea. 
The problem of the disposal of radioactive wastes in the ocean, with 
its potential hazard to human use of marine resources, is an inter- 
national one. As I pointed out at previous hearings, it is one of the 
subjects of concern to the International Atomic Energy Agency. 

The comments that I will make are primarily a summary of the con- 
clusions that have been reached by two National Academy of Sciences- 
National Research Council committees: the Committee on the Bio- 
logical Effects of Radiation on Oceanography and Fisheries, and the 
Committee on Oceanography. I am a member of the Committee on 
Oceanography, and chairman of the Committee on the Effects of 
Radiation on Oceanography. 

The attractive thing about waste disposal in the ocean is that the 
ocean represents a great hole in the ground. The volume of water is 
tremendous. Dispersal of at least low-level radioactive wastes can 
take place relatively rapidly down to a level at which these materials 
can hardly be detected. Moreover, by putting materials on the bottom 
in containers, which hopefully can remain intact for periods of the 
order of 10 years, we can also achieve the other consideration of waste 
disposal; that is containment, or isolation from human beings and 
their foods. 

It is also true that this containment, that is, isolation, can probably 
be obtained by disposal of liquid wastes in the deep sea. At the present 
time everybody who is concerned with the practical or engineering 
aspects of radioactive waste disposal is interested in the ocean only 
for disposal of low-level waste. It is possible, however, that in the 
future, some 30 or 40 years from now, at least in some areas, and with 
some kinds of high-level wastes, people will want to dispose of them in 
the deep ocean. 

What are the potential hazards from the disposal of radioactive 
wastes at sea? If we put them in certain areas, the transport of the 
water may bring these materials onto the beaches and into swimming 
areas, and the people utilizing this marine resource, the recreational 
resource, may be subjected to radiation from the water and from the 
materials of the beaches which tend to absorb radioactive materials. 

A far more serious potential hazard is the contamination of marine 
foods. All marine organisms tend to concentrate radioactive materials 
just as they concentrate other elements and compounds from the 
environment. ‘This concentration often is by factors of a thousand 
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or more over the concentration in the environment. It is for this 
reason that the maximum permissible concentration in any large 
volume of sea water has to be much lower than the maximum per- 
missible concentration in drinking water. It is simply because the 
marine food organisms act as little chemical processing plants and 
absorb the materials. 

For example, with phosphorus, the maximum permissible concen- 
tration in a large volume of sea water is probably one twenty-five- 
thousandths what it is in drinking water. With strontium 90, one-half 
to one-third the drinking water concentration should be permissible. 
With iron 59 and cobalt 60, probably a factor of 1,000 less than drink- 
ing water. With iodine 131, I might say, it is only a factor of 10 less 
than drinking water. With cesium, it isa factor of 20. 

One other interest of man in the introduction of radioactive ma- 
terials in the sea is the possibility of harmful effects on the marine 
food resources themselves, both somatic and genetic effects. There is 
very little known about this. It is generally believed to be a negligible 
importance; that is, the principal potential hazard is assumed to 
be the transmission of radioactive materials to people through marine 
foods. This potential hazard is not of very great consequence to most 
people in the United States, because our consumption of fish and 
marine food products is only about 10 pounds a year per person. But 
for other peoples, and for some people in our coastal regions, the 
sevaage contamination of marine foods is a more serious matter. 

hese are the people who get virtually all their protein, a good deal 
of their calcium, and therefore a good deal of strontium from marine 
foods. Such people would tend to eat about 3 or 4 pounds of fish or 
marine invertebrates a week. 

Mr. Ramey. Would that apply to Japan? 

Dr. Revetie. Yes. For example, in Japan, virtually all the animal 
— that the Japanese obtain are from fish and marine inverte- 

rates. 

Mr. Ramey. Of course, they get less fallout. 

Dr. Reverie. That is right. The fallout problem is much less se- 
vere from the Japanese point of view than our own because of the 
fact that the fish get so much less strontium in proportion to the 
amount of calcium than our milk cows do. 

There are three areas that we should keep separately in mind in 
thinking about the disposal of radioactive materials in the marine en- 
vironment: Estuaries, the inshore environment, and the offshore en- 
vironment of the high seas. On the United States east coast, the es- 
tuaries are of the kind in which the bottom water moves inshore. So 
there is a tendency for radioactive or any waste materials to remain— 
the materials disposed of on the bottom—in the estuary and not be 
dispersed. These harbors and inshore waters in general also contain 
many bottom-living animals and many bottom-attached plants. These 
concentrate radioactive materials in some cases by factors of more than 
a thousand. So that the dispersal or removal of radioactive materials 
from these harbors and estuaries takes place very much more slowly 
than the dispersal of the water itself, or of other substances which are 
not concentrated by organisms, or which are not absorbed by the bot- 
tom sediments. 
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In coastal waters, that is waters within 200 miles of the coast, we 
can think of two different situations: the shallow coastal waters of 
the Atlantic coast of the United States, and the relatively deep waters 
which exist quite close to shore off the Pacific coast. The shallow 
waters also are typical of the gulf coast. Here there are possibilities 
for disposal of rather large amounts of low-level wastes. 

Finally, we have the deep sea, which lies below a virtual screen or 
curtain called the thermocline, and is thereby isolated from the rest 
of the ocean. Very few of men’s food organisms come directly or in- 
directly from the deep sea and it has the advantage of isolation from 
the part of the ocean that is of most concern to man. 

What happens to radioactive materials put into the ocean? We 
can say basically three things. First, they are dispersed; that is, they 
are widely spread and diluted. They are brought down to very low 
levels of concentrations by currents and turbulence. Second, they are 
concentrated. They are brought to high levels of concentrations by 
marine plants and animals. Third, they are removed from the water 
and absorbed in the bottom sediments, and in the bottom-living organ- 
isms. This absorption into the bottom materials is, in almost all cases, 
a great safety factor for disposal in the marine environment. For 
example, at Windscale in the Irish Sea, the British are now disposing 
of an amount of radioactivity amounting to thousands of curies, per- 
haps as much as 10,000 curies a month. The reason that this is possi- 
ble is partly because of dispersal of the material by the rapid currents 
of the Irish Sea, but apparently very largely because of the absorption 
ot the radioactive materials in the sediments around the outfall. 

The National Academy of Sciences committees that I have men- 
tioned previously have appointed a working group which has just 
recently completed a report on the possibility of disposal of low level 
wastes in the Atlantic and gulf coasts. Professor Dayton Carritt of 
Johns Hopkins was chairman; the members of the committee are 
listed in my material for the record. This committee has recom- 
mended that there could be at least 15 disposal sites within 50 miles of 
the shore on the Atlantic coast and about 10 disposal sites within 
100 miles of the shore on the gulf coast. They have recommended 
that initially no more than 250 curies per year, or 100 curies per month 
be disposed of in any one of these sites. The disposal sites should be 
not less than 75 miles apart. Before any disposal actually takes 
place, a survey should be made of the fishing activities in the region, 
of the sediments and their absorptive properties, and of the bottom 
living organisms—bottom living organisms which might be used for 
human food or which could serve as pathways by which the fish might 
take up radioactivity—and also organisms which could be used as 
chemical concentrators in subsequent studies of the area. Even when 
it is impossible to find radioactivity in the water, it may be rather easy 
to find it in animals living on the bottom, concentrated sometimes by 
a factor of several hundred thousand. 

They have also recommended that any low-level disposal area on the 
Continental Shelf of the east coast should be monitored after opera- 
tions start, to see what happens to the radioactive material, whether 
in.fact it is dispersed to a level that is so low that it can no longer be 
found. (In the disposal areas used to date by the AEC this does seem 
to be the case. We are unable to find any radioactivity in the vicinity 
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of the disposal site.) It may be possible as a result of such moni- 
toring and surveys of these disposal sites greatly to increase the 
amount of radioactivity that can be disposed of. 

As [ pointed out, the British experience indicates that literally 
thousands of curies, perhaps even tens of thousands of curies, can be 
disposed of rather close to shore. Our committee has sseunhinetliia 
to begin with only about 250 curies per year of packaged low-level 
waste in each disposal site, but they felt they had to be very conserva- 
tive until more information will be obtained from the surveys and 
from the monitoring. 

Representative Houirretp. Mr. Toll has a question. 

Mr. Toit. Those places that you have been checking on the coast- 
line of the United States, how long have your investigations been 
going on? 

Dr. Revette. These are not investigations made by us. You mean 
oceanogpaphers in general ¢ 

Mr. Toit. I may probably have worded it poorly. You said today 
it would appear that none of the AEC disposals has indicated any 
radioactivity in the area. Do you have any idea as to how long those 
disposals have been there and how many checks have been made? 

Dr. Reverie. The checks are certainly not adequate. The checks 
have been of a very preliminary kind. For one thing, it is quite diffi- 
cult to think of proper tec hniques for doing this. In ‘the second place, 
the navigational problem is not by any means solved. We are not 
sure that we are looking at just the right area. The area concerned 
may be rather small. In the third place, the surveys have not been 
continuous, nor have they been done on a systematic basis. I would 
say at the present time all we have are indications that the disposal in 
these coastal areas is probably perfectly safe. We cannot really say 
this with certainty until we have made more continuous and systematic 
surveys. 

Representative Honiriecp. There are commercial companies that 
are going beyond the Continental Shelf and dumping these materials. 

Mr. Reveutie. Yes; that is true. On the Atlantic Coast the Navy 
has also disposed of quite a bit of material. 

Representative Hoiirretp. Are these high-level wastes? 

Dr. Revenie. All low level. 

Representative Hourrreip. Are they encased in concrete tanks? 

Dr. Revette. They are encased in steel barrels filled with concrete. 

Representative Ho.irretp. What is the estimate of the life of these 
containers ¢ 

Dr. Revetir. Most people say that a safe estimate would be 10 
years. 

Representative Ho.irrep. By that time the half lives are down to a 
point where you feel there is no danger? 

Dr. Reveiie. Except, of course, for such things as strontium, 
cesium, cobalt 60, and some of the other longer lived products. 

Representative HoxitrreLp. Those would be included the low-level 
wastes ¢ 

Dr. Revetie. Yes; they are included. 

Representative Hourrietp. Small amounts? 

Dr. Revette. Small amounts; yes. From the standpoint of the 
long-lived fission products and long-lived radioisotopes in general, 
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such containment does not really serve a very useful purpose. It cer- 
tainly is very helpful for the short lived. In fact, it reduces the con- 
centrations by a very large factor. 

Representative Ho.irietp. What is the depth of the ocean at the 
point where they are disposed of ? 

Dr. Revere. At the present time, most of the disposal has been 
taking place at depths of more than a thousand fathoms. The Na- 
tional Academy committee has recommended these disposal sites at 
much shallower depths, of the order of 25 to 100 fathoms. In other 
words, from 150 to 600 feet deep on the shelf. 

I was just about to point out these are areas which are not fished, 
either because the bottom is rough or because they have been the site 
of disposal of explosives or other toxic materials in the past. The 
attempt has also been made in recommending these sites to avoid areas 
crossed by cables because the repairs or maintenance of the cables might 
involve breaking or bringing up one of the canisters. It should be 
remembered in thinking of this inshore disposal that the fishing effort 
is going into deeper and deeper water, and probably within a few years 
we can expect bottom trawling and dredging for commercial fisheries 
down to at least a thousand fathoms on the continental slope. 

Coming to the possibility of deep ocean waters—4,500 meters or 
more—for the site of disposal of high-level wastes, I pointed out that 
the waters of the open ocean are stratified below the upper 100 or 200 
meters, which is the area where all of the plant growth in the sea 
takes place and where most of the fish that we are interested in live. 
The zone of stratification is called the thermocline. 

The surface waters are isolated, or partially isolated, from the deep 
waters by this boundary, this curtain of increasing density. Although 
there is no very clear theory on this, it is generally believed—and there 
is quite a bit of evidence for believing—that the deep water is isolated 
from the surface layer for periods of the order of hundreds of thou- 
stands of years—in the Atlantic for periods of a few hundred years 
and in the Pacific periods of perhaps 2,000 years. Moreover, there is 
reason to believe that the deep water is thoroughly mixed over this 
time period, so that any radioactive materials introduced into the deep 
sea in liquid form would be dispersed throughout the entire ocean. We 
have made some calculations on the basis of an estimate of the amount 
of fission products which would be produced per year by the year 2000, 
estimating about a thousand tons of fission products per year in that 
time. If this were put into the deep sea, it is not by any means im- 
possible that this material would be spread out uniformly through the 
deep sea, and by the time it got up into the surface that the concen- 
tration of strontium 90, which is by far the most serious of all the 
fission products from the standpoint of this particular type of disposal, 
would be, roughly, 6.5 times 10 to the minus 8 microcuries per milli- 
liter, or down by a factor of five or six below the maximum permissible 
concentration in inshore waters. It is probably down by a factor of 20 
below the maximum permissible concentration for offshore waters. 
This is based on the calculations of uptake of strontium and calcium 
by marine fish and invertebrates and on the assumption that we are 


trying to protect the population which obtains all its protein and all its 
calcium from marine fish. 
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It should be pointed out that this calculation assumes an even 
distribution of the materials throughout the deep layer. It thus 
assumes rather rapid dispersal throughout the layer, which depends 
on currents and mixing, and it assumes a very considerable holdup 
time in the deep water. All of these are subjects which need to be 
investigated. 

Representative Hotirretp. Dr. Rodger has a question. 

Dr. Roperr. This matter of mixing or the lack thereof, isn’t there 
some dispute among you oceanographers on that subject? In par- 
ticular, didn’t the Russians present a paper at the last Geneva Con- 
ference in which they disputed this point ! 

Dr. Reve.ie. Yes. Their paper was really not pertinent to this 
point. A German oceanographer had suggested that some of the 
deep trenches (at depths of 8,000 to 9,000 meters or more) might be 
isolated from other parts of the deep sea, and the Russian paper 
pointed out that these trenches are in fact in free communication with 
other deep sea regions, which is what every reasonable man expected 
all along from the quite considerable measurements that have been 
made of the temperature gradients in the deep trenches. The waters of 
the trenches are not little pockets of stagnant water. They are in con- 
tinual interchange with the rest of the deep sea. 

Dr. Ropeer. Then what you are talking about is not the very deep 
isolated areas, but the rather wide ocean floor at more moderate 
depths ? 

Dr. Reverie. Yes, I am talking about the average depth of the 
ocean, which is about 4,000 meters. There are some isolated places, 
for example, right off Venezuela, called the Carioca Basin in which 
hydrogen sulphide is present in the bottom water. This is an isolated 
place. The looper part of the Black Sea is also isolated for very long 
periods. So there are some quite deep water areas which are isolated. 

Dr. Roperr. I saw a Polish paper on the Black Sea point which 
said that was not true. 

Dr. Reve.tzte. A Polish paper? 

Dr. Roperr. I believe it was a Polish paper. 

Dr. Revetie. I am sorry to say I have not seen this particular pa- 
ver. There is quite a bit of evidence, however, that the waters in the 

lack Sea—the deep waters—may remain there for periods of the 
order of 4,000 or 5,000 years. This evidence is by no means conclusive, 
and I would like to look at this Polish paper. 

Representative Hoxirretp. How much additional material do you 
lave ? 

Dr. Revetie. I am all through this. I simply have some material 
to submit for the record. 

Representative HotirreLp. You may submit anything you wish to 
supplement your statement for the record. 

Dr. Revevte. Thank you. 

Representative Hoririretp. Because of the lateness of the hour, we 
are going to dispense with the round-table discussion at this time. 
However, tomorrow morning we are going to have a list of witnesses, 
and if we can get through with them, we will have a round-table dis- 
cussion at that time. If we get time we will have a round-table dis- 
cussion tomorrow, and any of those who wish to remain may partici- 
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pate in it. However, you are not requested to be obligated to remain. 
Mr. Ramey has a question before you leave, sir. 

Mr. Ramey. On your research program affecting ocean disposal, do 
you think it is adequately funded now ? 

Dr. Revetie. No, I don’t. I don’t think so. This is prejudging the 
matter a little bit. The National Academy of Science Committee on 
oceanography will issue a report in about 15 days which will spell this 
out in more detail (p. 1324). Our general feeling is that for the overall 
problem of -adioactive contamination of the oceans—this involves 
quite a few things besides radioactive waste disposals, such as explosion 
of nuclear devices, problems of contamination resulting from nuclear- 
powered ships, accidents to power plants near the beach, and all the 
other ways in which radioactivity can get into the oceans—our feeling 
is that in order to be able to protect the marine resources and at the 
same time to utilize the ocean, as Dr. Wolman pointed out, to the limit 
of its capacity to protect human beings from radioactivity, the research 
program should be rather considerably increased. In my material for 
the record, I have a detailed research program (p. 1299). If you will 
excuse me for a second, I will look up the exact figure. 

We estimated that on an annual basis the total should be about $6 
million. This represented about a $20 million increase over a 5-year 
period. In other words, about $4 million a year over a 5-year period 
above that which is being spent now. For this particular field, we feel 
that the marine scientists could profitably utilize about three times 
more than they are now spending. 

Representative Horirretp. Thank you very much, Dr. Revelle. 

At this time we will invite Mr. Phillip Sporn, President of the 
American Electric Power Corp., to the witness stand, and he will give 
his testimony on the industrial viewpoint. 


STATEMENT OF PHILLIP SPORN,’ PRESIDENT, AMERICAN 
ELECTRIC POWER CORP. 


Mr. Sporn. Mr. Chairman and members of the committee, I greatly 
appreciate the invitation to appear before this committee and address 
myself, as suggested by the committee, to the question of industrial 


participation and viewpoint. I shall confine my testimony to the 
point of view of the power industry. 


For identification I am president of the American Electric Power 
Co. and American Electric Power Service Corp. In the filed copy of 
my statement for the record, I give a brief statement of my nuclear 
activity over the past 12 years, and I shall not repeat this information 
here except to point out that my current major activity in atomiecs is 
that of chairman of the Research and Development Committee of the 
East Central Nuclear Group, Inc., a group of electric utilities operat- 


7President of American Electric Power Co. (formerly American Gas & Electric Co.) 
and of American Electric Power Service Corp. (formerly American Gas & Electric Service 
Corp.). Last 12 years or so has worked on various aspects of atomic power, particularly 
as they affect the power industry: as a present director and one-time president of Nuclear 
Power Group, Inc.; as a member for a period of some 4 years of the Visiting Committee 
for the Nuclear eee and Reactor Departments of the Brookhaven National Labora- 
tory; as a member of the National Academy of Sciences National Research Council Com- 
mittee on Disposal and Dispersal of Radioactive Wastes and as chairman of the Research 
and Development Committee of the East Central Nuclear Group, Inc. (ECNG), a group of 
electric utilities operating in the Ohio Valley and contiguous areas, who have joined to- 
gether in a program of research and development which they hope will result in significant 
advances in the technology of producing commercially competitive atomic power. 
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ing in the Ohio Valley and contiguous areas, who have joined together 
in a program of research and development which they hope will result 
in a significant advance in the technology of producing commercially 
competitive atomic power. 

The problem of atomic waste has obvious counterparts and problems 
arising in more conventional methods of generation where we must 
deal with the disposal of ash and effluents from stacks. The electric 
utility industry has been working on these latter problems for many 
years and has accumulated a valuable background of knowledge and 
experience. In the industry’s fund of information and the Commis- 
sion’s knowledge and experience with atomic waste—if the industry’s 
fund of information can be pooled in the public exploration of the 
problem—lI am confident that practical solution can be found. 

The hearings which are now being held under the auspices of this 
coninittee are therefore necessary and timely, and they should make 
an important contribution to hastening the peaceful and competitive 
use of the atom with safety. 

Some prediction about the growth and sale of atomic power installa- 
tions is necessary in order to get an idea of the size of the waste-dis- 
posal problem and of the timing of measures to cope with it. Asa 
guide to my own thinking, I have been studying this matter intensively 
for some years. Without going into the details of these studies. I 
found it helpful in considering the developments in atomic power 
between now and, say, 1975, to break this period up into at least two 
intervals; one between now and 1965, and the other period between 
1965 and 1975. The period after 1975 seems to me likely to present 
still different conditions. 

If we examine the interval between now and 1965 from the stand- 
point of our industry, we find that the industry is going to be con- 
fronted with the need of installing then in that time some 100 million 
kilowatts of generating capacity. Since no reactor or reactor con- 
cept presently known gives firm promise of producing energy in the 
United States at a cost less than that produced by conventional fuels, 
it seems to me unlikely, speaking relatively, that very much of this 
generated capacity that will be built by 1965 will be atomic. 

I have assumed that the prototype and full-scale atomic plants 
which will be installed in this period will be for the purpose of demon- 
strating the practicability of the several new and improved reactor 
concepts which are the subject of the country’s research program. 
This might be of the order of 1 million to 2 million kilowatts. 

The period between 1965 and 1975 in my view is going to be pre- 
senting a much more optimistic picture, atomic powerwise. In that 
interval it can be expected that the power systems of the United States 
will add around 200 million kilowatts of generative capacity. By 
1975 the then total capacity will be of the order of 400 million kilo- 
watts, and of that total, I believe that roughly 5 percent or 20 million 
kilowatts may be atomic. 

More important, however, it seems to me, is the period beyond 1975. 
The chances are that in the 5 years following 1975, there will be as 
much as 110 to 125 million kilowatts of new electric capacity installed 


in the United States, and of this I think about 25 percent may be 
nuclear. 
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So in my own consideration of the problem I have in mind the vol- 
ume of waste products that will be associated with the atomic-power 
installations in the several intervals I have studied. Within 20 to 25 
years from now, under this view, we are in for an industrial develop- 
ment in atomic energy of as much as 30 million kilowatts in a period 
of 5 years, or at the average rate of 6 million kilowatts a year. 

The rate in 1980 may well be 10 million kilowatts. If you assume 
that roughly one and a half kilograms of fission products will be pro- 
duced for each electric megawatt generated with nuclear fuel, then by 
1980, 75,000 kilograms of fission products will be produced a year. 

These figures afford a basis for understanding the responsibility 
that is involved in this atomic-waste problem considered merely from 
the industrial angle. To put the problem into proper perspective, I 
should point out that under the assumptions I have made, the volume 
of atomic waste which will have to be disposed of represents a small 
fraction of 1 percent of the waste from fossil fuel plants which we 
have had to learn, and have learned, to handle. The quantities in- 
volved would offer no barrier if it appeared to be the best solution to 
store in relatively temporary leakproof vaults at plant sites. 

Relatively temporary storage of this kind could go on for many 
per but considering the character of the waste, such solution 1s 
1ardly likely to prove good enough for the longterm. It seems to me, 
therefore, we are in a difficult, long-term situation. We have a diffi- 
cult problem to solve, and we have not very much to guide us in the 
way we are trying to make bricks without clay or straw. Yet there 
are some fortunate factors in this situation, and one is the following: 

1. In dealing with reactors designed to generate power, we are deal- 
ing with something that is under rigid and tight control, and the sys- 
tem of safeguards that we have set up at the present time is certainly 
on the conservative side. 

2. The problem is not going to become acute overnight. It seems to 
me that it takes something like two decades for atomic power really to 
get rolling in the power industry and therefore there is time—not time 
to squander—but I believe adequate time to work on these problems, 
and to bring them under effective control. 

With this background, I would like to discuss briefly three questions 
which I believe are especially pertinent: 

1. Where should the responsibility be for the disposal of waste 
products created by the power industry ? 

2. Will the development of reprocessing operations by industry 
enhance effective responsibility and the program of development of 
peaceful uses of atomic power ¢ 

3. In the field of government regulation, where should the ultimate 
responsibility—local, State, or Federal Government—lie? 

Let me preface these questions by saying that I recognize there may 
be more than one position to be considered on each of them to the 
extent that different views exist. I understand that these hearings 
have been planned to bring out all of them. I state my own views 
without attempting to elaborate others which have been considered 
and rejected by me and which I have assumed other witnesses will 
cover. 

The first. question, where should responsibility lie for disposal of 
waste products created by the power industry? It seems to me that 
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if the atomic-power industry is to develop to as significant a point as 
I have indicated in my preliminary observations, it is most important 
that industry have as its responsibility the complete operation, start- 
ing with the planning of the reactor, working out all arrangements 
for it, licenses and contracting for the fuel, including processing and 
fabrication of the fuel elements, and the design and construction of 
the reactor from the very beginning, when the reactor first becomes 
critical to the very end of its life. Unless such arrangements are 
feasible and it becomes possible to work them out readily, it would 
appear to me that there is a great danger that the industry would be 
hesitant to go into atomic power on a major scale. If these condi- 
tions are not met, I fear in many critical cases industry may make 
antiatomic decisions just because the problems, the responsibilities, 
the costs and the economics of the operation could be clearly visualized 
in the conventional form and might not be clearly possible of visual- 
ization in the atomic form. It would appear to me that the atomic 
industry simply would not develop, or develop with the necessary 
virility, if somewhere in the total cycle a major governmental opera- 
tion other than regulatory, even of the most benevolent kind, is 
introduced. 

As a matter of fact, it strikes me that it is hardly in the public in- 
terest to let the industry shake the responsibility as comprehensive 
in the atomic field as it must assume in the conventional field. If 
industry is to be the medium for making available to the people of 
the United States the benefits of the atom in its power supply system, 
industry had better undertake to the fullest degree possible the com- 
plete responsibility. 

In planning for use of atomic power for the normal long term 
needs of our power industry, it seems to me that we must bring it 
just as closely as we possibly can within the framework that we have 
employed so successfully in developing conventional power systems. 
I repeat that we are fortunate that we laws time on our side in work- 
ing out an effective program in which industry can undertake the 
complete responsibility I advocate. We should recognize the prin- 
ciple now so that our studies and our pertinent. research and develop- 
ment programs will be conducted with this goal in view. 

The second question, the development of reprocessing operations 
by industry, and hence effective responsibility in the program of de- 
velopment of the peaceful uses of atomic energy. 

Senator Anperson. Don’t you want to stop with the first one, Mr. 
Sporn ? 

‘Mr. Sporn. I would be delighted, Senator. 

Senator Anperson. I am trying to figure what it means. Are you 
speaking this morning as an operator or did you speak as casa 
of some east central nuclear group? 

Mr. Sporn. No, I am speaking, Senator, strictly as a member of 
the power industry and as an executive in the power industry. 

Senator Anperson. You say that if the atomic power industry is 
to develop—I am reading on page 8—to as significant a point as you 
have indicated in your preliminary observations—how significant was 
that point? You listed about 1 million or 2 million. As I count 
up what we now have in sight for 1961, it comes to about that. I 
would conclude you don’t think there will be much done in the years 
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that follow 1961 or the present things that are underway, such as 
Consolidated and the Dresden and Shippingport. 

Mr. Sporn. I have indicated 2 million possibly by 1965 in my 
testimony. 

Senator Anperson. You said 1 to 2 million. 

Mr. Srorn. Yes, sir. I think this is about what it is going to shake 
down to. As you know, Senator, some of the things we are talking 
about now won't go into operation for 2 or 3 years. 

Senator Anperson. Yes. I want to see how much significance you 
did attach to the development. You say if those things could happen, 
it is most important that imdustry have under its responsibility the 
complete operation, starting with ‘the planning of the reactor, work- 
ing out all arrangements for it, licensing and contractual, for the fuel, 
including processing and fabrication of fuel elements and design and 
construction of the reactor from the very beginning when the reactor 
first becomes critical to the very end of its life. 

When you say starting with the planning of the reactor, I assume 
that the Government is to have no part of that? 

Mr. Sporn. Senator, I am not talking about the research or de- 
velopmental phase at all. 

Senator Anperson. That is part of planning a reactor. You can’t 
segregate research and development from planning, can you? 

Mr. Sporn. We cannot. In my testimony I indicated that although 
by 1965 a relatively small number of kilowatts are likely to come on 
the systems of the power companies, public and private, of the order 
of 1 million or 2 million kilowatts, my best judgment was that by 1975 
the capacity would be up to about 20 million kilowatts. That is one 
sixth of the total electric capacity we now have in the United States. 
That begins to be a very significant item, Senator, in my judgment. 
It is about that really I am talking. I am not talking about what we 
are going to do in the research and development stages. 

Senator Anperson. That is post-1975. I wonder if you were not 
talking about the period before 1975. I thought that is what you were 
talking about. 

Mr. Sporn. I was talking of a first phase up to 1965. Then I in- 
dicated there is also a third phase after 1975. 

Senator Anperson. Yes, but you were dividing the two periods, 
present to 1965, from 1965 to 1975, and in that time, including these 
two periods, you believe that the planning of the reactor, and so forth, 
is solely the function of industry. Can you relate that to the Phila- 
delphia Electric proposal where $23 million and $40 million will come 
out of the Federal Treasury? If I went to you tomorrow and said, 
“Let us build a power plant in some little community that you were 
very familiar with,” you having great experience in the field, and I 
said, “You put in two-thirds of the capital and I will put in one-third, 
and I will plan it and run the show.” Knowing you, I think you 
would say “No” pretty quickly. 

Mr. Sporn. Senator, I think there is no inconsistency, and I hope 
by this time my views would be known to you in particular, because 
T have had the privilege of discussing these problems with you. 

Senator Anperson. I thought they were until I heard this. 

Mr. Sporn. Yes, sir. I didn’t mean them to be inconsistent. In 
my mind, they are not. I am sorry, apparently I have not set myself 
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clear on the record. I am talking about atomic power when it begins 
to be a question of day-to-day planning and constructing atomic power- 
plants because the people of the United States will then need that 
power. The power systems of the country, public or private, will 
recognize their respective responsibilities and begin to plan that 
power, and in due course want to make decisions to build powerplants. 
There is going to be in my judgment, Senator, a long period of time 
when critical decisions will have to be made week in and week out, 
and month in and month out, by many people in the power industry. 
The decisions will be this next unit or series of units, involving on a 
particular system 200, 300, or 500 thousand kilowatts. Shall it be 
atomic or shall it be conventional fuel, either hydro, which is also a 
fuel in a sense, or fossil fuel, gas, oil, coal, because the conventional 
technology, Senator, is so highly reliable and informed, so to speak, 
that any responsible power group can make a rather careful evalua- 
tion and have solid ideas of what capital costs and operating costs are 
likely to be in the present and the prospective future. It is my judg- 
ment that it is important if atomic power is to progress that they have 
similar relatively solid information about what atomic power is going 
to involve them in. I am not discussing the situation over a period 
of years when either prototype or research and developmental installa- 
tions put in entirely by power systems or more likely, which I think is 
going to be the case, by power systems both public and private, with 
an indispensible item of Government help. I am not talking about 
that phase at all, sir. 

Senator Anperson. I merely wanted to get it clear for the record, 
because someone picking this up might misunderstand this. You 
say this problem is not going to become acute overnight. It seems 
to me it will take something like two decades for atomic power to 
get really rolling in the power industry. I would not quarrel with 
that at all. That is 1979. What you are talking about here in the 
way of freedom is the period after 1980. I think I find myself in com- 
plete agreement with you. But if you are talking about what hap- 
pens between now and 1965, or 1965 and 1975, there are some other 
problems. I merely wanted you to say whether this related to the 
present situation, or is it the period we are trying to get to when 
it will be done by the power company itself. 

Mr. Sporn. I am definitely talking about the time, Senator, that 
everybody who is working in atomic power is looking forward to, when 
atomic power will take its place as a solid item in the economy. It is 
no such item at the present time. It is my belief and conviction from 
the 40 years I have spent in the power field that the sooner we develop 
our program so that we continue to throw that responsibility on the 
power system—I am sure the Senator knows I am not talking about a 
particular segment of the power industry—the better off the country 
ls going to be, and atomic power also, Senator. 

Senator Anperson. I know, Mr. Sporn, that you have put those 
40 years into good purpose and you have a good understanding of it. 
I did not want as a result of a position built up for yourself in the 
power industry that somebody would come out the next morning and 
say that Phillip Sporn advocates that the whole thing be turned over 
tomorrow to private industry. 


37457 O—59—vol. 3——40 
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Mr. Sporn. I have no such thing in mind. I would feel mortified 
if I were ever presented that way. 

Senator Anperson. Thank you very much. 

Representative Hosmer. Specifically on this waste disposal thing, 
however, we were told the other day it is of a continuing nature. Per- 
haps it ‘is a custodial responsibility for the products long after the 
normal life even of corporations which have no limit on their life, 
What is your feeling on that particular point ? 

Mr. Sporn. I think I will bring out just a little later if I have a 
chance, Congressman, that there is room and need not only for govern- 
ment, but obviously for the Federal Government, also. As to that 
custodian nature job, I am not quite sure we can quite see it now. But 
I should not be surprised if that is the kind of thing that, if we need it, 
would develop. It is extremely fortunate that while we are pushin 
ahead with the development of atomic power that at industry a 
government levels, that we do have time to work out these difficult 
waste problems properly, to be sure that both the economics and the 
safety of the country are taken care of. In some respects not entirely 
visualizable at the present time. I think, therefore, it is entirely in 
order to make sure that we know in which direction we are trying to 
make the development. It is my conviction, and this is what I tried to 
say in that first question, that we want to work toward the end that the 
responsibility for that lies in the power industry, with all sorts of 
regulatory and licensing supervision that will be necessary, just as it 
is now necessary, and being taken care of in the conventional tech- 
nology. 

We have a great deal of clearance to go through before we can put 
into operation a high-pressure, high-temperature powerplant in almost 
all of our States. 

Representative Hosmer. The only thing I am worried about is that 
here we have a somewhat semiperpetual custodial responsibility. In 
conventional development you don’t have that. We are dealing with 
these very long-lived radioactive wastes, the radioactive life of which 
would in the normal course exceed that of any private enterprise. 

Mr. Sporn. Yes. Just to take one example, Congressman Hosmer, 
if our technology should indicate that we have a solid basis of dispos- 
ing of them through some ceramic method, and there is good reason 
for that, and we can develop ceramic forms that can be safely put into 
the ocean on a half-life basis that nobody would be hurt, not even 
ocean life, then I would think automatically by that single step of 
technological development, which is certainly being worked on, we 
would have taken off some of the major item of that continuing custo- 
dianship. We will have taken care of it in that particular form. I 
am not sure that it will be the final form of disposing of it. 

The second question that I asked, with the development of reprocess- 
ing operations by industry, and hence effective responsibility in the 
panera of development of the peaceful use of atomic energy, as I 
1ave indicated before, one of the emeee that has been too long delayed 
in the development of the peaceful use of the atom is the introduction 
of the economic factor. The economic factor is an extremely difficult 
one to introduce at the governmental operation. If the economic de- 
velopment of the country is to be enhanced by the use of atomic 
power, it is important that atomic power be economical. I would 
think that the omission of private enterprise or private industry 
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responsibility from so important a phase and cost as the disposal of 
the waste product would delay the introduction of the necessary eco- 
nomic factor. That could not ‘help but have a retarding effect. 

From that point it is essential to turn the job over to private 
industry. 

Representative Horirrerp. What you are really saying there is 
that you are advocating a strong research and “development pro- 
gram right now so that this will be feasible. 

Mr. Sporn. Yes, sir. 

Representative Horirretp. You recognize it is not feasible at the 
present time ? 

Mr. Sporn. I do recognize it. I am familiar with some of the 
research and development through some of the work I did for a 
number of years at Brookhaven. I am all in favor of that, and 
any further extension of it that is necessary. As I have said, I 
think we have time. But we have not any time to waste. 

Representative Horirretp. Do you think that the appropriations 
have been adequate in this field, or should they be increased slightly ? 

Mr. Sporn. I have been out of contact with that particular source 
of activity for about 2 years. At the time I was on the visiting 
committee, Mr. Chairman, I thought we were going along at Brook- 
haven at a good pace. I would hope and believe that is still the 
case today. Ido not know, sir. 

One of the things to which we are going to have to devote a lot 
of study is precisely who should do the reprocessing. In most. cases 
I should think it would be best done by separate fuel processing 
industry. In some cases it may best be done on site by the power 
producer. 

What I have said in relation to the industry taking over the 
responsibility for reprocessing waste disposal is intended as the ulti- 
mate objective. I recognize that industry could not now take over 
this field on a commercial basis, and that the ultimate objective will 
have to be achieved on a gradual basis over a period of time. For 
the time being the Government must continue. I would hope that 
would be the answer, and indeed expand its efforts in the field of 
reprocessing waste disposal. These efforts of the Government should 
be carried out in such a way that industry is brought into the picture 
to as great an extent as possible, and such effort should be terminated 
when the technology and economics have developed to the point 
where industry is able to take over the full responsibility on a com- 
mercial basis. 

Representative Horirtetp. Mr. Ramey has a question. 

Mr. Ramey. In the omnibus bill the committee recommended last 
year, which was enacted into law, they provided a greater long-term 
contracting authority to the Commission to contract with private 
organizations in the field of reprocessing whereby the Government 
could reserve time or quantity or some way, and thereby help make 
a private project feasible. 

Mr. Sporn. I think this is a good idea. I am all in favor of it. 

Senator Anperson. I just want to say there, I could not agree more 
heartily than what you have said about the problem of waste disposal. 

Mr. Sporn. Thank you. In the field of government regulation, 
where should the ultimate responsibility lie, in local, State, or Fed- 
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eral Government? Where should ultimate responsibility lie in the 
broad area of government jurisdiction, that is, where government has 
to be introduced into the picture. I believe here that for most pur- 
poses the responsibility will best be discharged if it is placed in the 
State or local hands. I say this with some conviction because our 
experience in more conventional technologies but in their most ad- 

vanced form, in the field of very high pressure boilers, has shown 
that the present situation in the U nited States where the code, in- 
spection, and licensing approvals are handled on a State basis, with 
State boiler inspection laws and rules, gives, on the whole, the most 
satisfactory arrangement. 

It is true that in that case there are a number of national codes or 
guides to follow. We have, for example, in boiler practice the ASME 
boiler code. But the use of that code for safety control is different 
in different States. While that might appear to be a disadvantage 
for any organizations that operate in a number of States, as my own 
company does—we operate power facilities in seven States—the re- 
verse is actually the case. For example, in connection with develop- 
ing extra high pressure practice in boilers over the period of the last 
50 years, our experience bears out our conviction that it is advan- 
tageous from every point of view to have local or State control. 

In one case, involvi ing proposed valving changes on extra high pres- 
sure boilers, involving more or less similar institutions in three differ- 
ent States, it was possible to obtain a very early and quick decision in 
one of our States to permit proceeding with the pioneer step even at 
a time when the national code was at least ambiguous in this matter. 
Subsequently we obtained a similar decision in a second State. Ina 
third State, one of the most highly industrialized in the country, we 
had more extended discussions and negotiations and eventually we 
obtained the board’s approval also. 

All this work with the several State agencies was desirable from 
our point of view. The initial pioneering step in the first State did 
not detract from safety, and it helped the economics. The especially 
close scrutiny that the third State board gave to the matter had the 
disadvantage of delaying introduction of practice somewhat in that 
State, but, on the other hand, had the advantage of giving us further 
assurance of solid judgment on the question of safety. 

Senator Anperson. Mr. Sporn, could anybody reading that inter- 
pret that as a belief that State legislation is easier to get by than Fed- 

eral regulation ? 

Mr. Sporn. This, again, would not be my view, Senator, because I 
believe this. The advantage of State regulation i is that there are 49 
States. You therefore have an opportunity to present a problem 49 
different times if the problem comes up in each of the 49 States. 

Senator ANnperson. Isn’t that burdensome ? 

Mr. Sporn. It is not burdensome to the utility that is operating in 
only one of the States. 

Senator Anprrson. When you have radioactive materials going 
into streams or going into the skies, in the case of an incident, you 
do more than touch a single State? 

Mr. Sporn. Yes. 

_ Senator Anperson. You hardly use high pressure steam as being 
comparable to the problems that arise in connection with atomic 
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reactors because the threat is a little more widespread. It is not just 
a local threat. 

Mr. Sporn. I think that is true. I also think and I later say so, 
that where there are interestate problems involved, I think in many 
cases those can be handled by bringing together three or four or five 
States involved. We have that example in the pollution problem in 
the Ohio River. 

Senator Anperson. We have a problem right now in connection 
with Switzerland and Austria, where the Swiss are perfectly satisfied 
because if there is any incident, the fallout won’t come on them. It 
will come on the Austrians. But the Austrians don’t take it quite so 
calmly. 

Mr. Sporn. That is right. 

Senator Anperson. It may be that if you located a reactor against 
the adjoining State, State No. 1 at which it is located says it is all 
right. If it blows up, somebody else gets it. There is a slightly 
different. case to be made for Federal regulation i in the field of atomic 
reactors than in the field of the steam boilers. 

Mr. Sporn. The case is different, but only in degree. I would like 
to say this in general, Senator. For many years, we operated in nine 
States of the United States. For the last 25 years or So we have 
very actively developed our system as a single system in 7 States, all 
contiguous. Many of the problems that we have affect more than one 
State. It has been our experience that some of the problems that 
affect two States are much better in the sense that they are more 
easily worked out, and we can work them out better at a State level. 
There are problems that cannot be worked out at the State level and 
in our operation we have had the problem of working these out, but 
under two major Federal agencies, the Federal Power Commission, 
and the Securities and Exchange Commission. In my judgment, 
looking ahead toward the future of this great country of ours, where 
certainly at. the present time there are clear indications that in a 
relatively short time this will be a Nation of 250 million, maybe 50 
States—surely 50 States, at least—that any of the problems that can 
be solved at the State level had better be solved at the State level. 
Any of the problems that affect more than one State ought to be solved 
to the extent that they can be solved by getting together the respective 
States. Where they are not soluble on that basis, they should not be a 
sort of Texas League area. 

Senator ANperson. You have not been reading any of Governor 
Faubus’ speeches lately. 

Mr. Sporn. No, I have not. 

Senator Anprrson. There are different degrees to different prob- 
lems. That is all I was trying to suggest, Mr. Sporn. I do believe we 
get along very well with State regulations in many instances. 

Mr. Sporn. Yes, sir. 

Senator AnpEerson. But where you have a device of this nature, I 
just wonder, for example, even though there is considerable develop- 
ment of atomic energy in my own State of New Mexico, how we could 
get an inspector on our State payroll that would be qualified to pass 
on a program for the construction of a great reactor, whereas the 
Atomic Energy Commission may have a man available. From that 
standard, I wonder if there is not some slight difference in the program. 
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Mr. Sporn. There is a difference. I am talking about the basic 
policy. I hope you did not take anything I have said here as a de- 
tailed outline for a program of legislation. I was discussing the basic 
eer As to that, I have given a great deal of thought, and I 

ave convictions w a I hope will have some value. 

Senator Anperson. I did not try todo that. As I have many times 
said to you, I believe you have done a very fine job with OVEC and 
your own private business. Because of that people will listen prob- 


ably more to what you have to say than if you were a failure in business. 
I would hope so, at least. 


Mr. Sporn. I would, too. 

Senator Anperson. Therefore, I would hate to get you started off 
on the path that when it comes to regulating safety on these atomic 
devices, it must be done by the State. We are going to have some 
hearings on that. We have had this problem. The States have this 
problem. I am just hopeful that you reserve your judgment along 
with the rest of us. 

Mr. Sporn. I have also indicated, Senator, that there could be 
different views and I am not one to say that these are unsound views. 
I give you my best conviction. Our experience therefore leads me to 
the judgment that the existing State agencies are the agencies to be 
given the responsibility for passing upon the safety and adequacy 
of programs of disposal worked out under State laws with the help 
of such Federal guides—and I would not omit from that agencies— 
as may be needed, and which will surely be forthcoming. It is true, 
of course, that the situation is not clearly visualizeable at the present 
time and may develop here which will have a strong interstate char- 
acter and which will disqualify as to jurisdiction any one of the two 
or more States that might be involved in the matter. But as has 
been observed in many other cases of the same kind, in irrigation, 
in pollution, and water withdrawal, the State compact is an ideal 
instrument for that purpose, and can be used here. It has its ad- 
vantages in that it brings together to the solution of a problem Sea 
more than one State the very States that are most vitally affected, 
and this element of directness of interest, it seems to me, is a strong 
argument for keeping out unnecessary Federal jursdiction or control 
as long as interstate involvements do not result in failure or even 
lessening of responsibility. 

In making these final observations, I recognize, of course, that 
State and local agencies may need assistance from the Federal Gov- 
ernment, with its initial mass of experience in the field to assure that 
State agencies acquire the benefit of such experience and develop 
their own qualified staffs to carry on the work. My hope is that this 
can be accomplished by cooperative arrangements between the AEC 
and the other Federal and State agencies, through temporary loans 
of personnel, grant-in-aid measures, and the like. 

We have had much useful experience in this kind of cooperation in 
other fields. In the long run I am convinced that this will give us the 
best results in atomic energy, far better than a system of compre- 
hensive permanent Federal regulation. Here, too, what I have stated 
represents an objective which cannot be obtained overnight, but 
rather must be achieved in an evolutionary process as the staffs of the 
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appropriate State agencies acquire the education and training neces- 
sary to enable them to assume their responsibilities. 

In conclusion, I cannot emphasize too strongly that in this brief 
statement I have simply attempted to give expression to the principles 
which I believe shoul govern our approach to the problem of waste 
disposal from the industrial standpoint. It is necessary and possible 
to elaborate at great length on each of the points which I have touched. 
Such elaboration will oceur in = in the course of these hearings. 
Much of it should take place subsequent to these hearings under the 
stimulus that these hearings provide. For my own part, if the com- 
mittee would like to pursue any further matters with me, I am anxious 
to be helpful in any way I can. 

Representative Horirietp. Thank you, Mr. Sporn. 

Mr. Sporn. Thank you, Mr. Chairman. 

Representative Horirretp. Are there any questions? 

Mr. Rame¥. Do you think that we have been entirely successful in 
handling stream pollution ? 

Mr. Sporn. No, I don’t think we have. On the other hand, I don’t 
think we were working at the problem from the very beginning as we 
are working on this. I think the danger here is recognized much more 
clearly, and I would hope and believe more extensiv ely. I think there 
was a period there when the possibility of pollution really was not 
given much thought in the case of streams. I think that possibility 
is recognized now. I think it is recognition that has brought about 
the major change in assuring the solution of the problem. I think it 
is fortunate that in the atomic case we do recognize the problem at 
many levels, and particularly right here in the Joint C ommittee, and 
I believe in the Atomic Ener gy Commission, also. 

Sennett e Houirietp. Thank you very much, sir. 

Mr. Sporn. Thank you, Mr. Chairman? 

Representative Houirtetp. Before we adjourn, I have several papers 


on “The Industrial Viewpoint Toward Radioactive Waste Disposal” 
for the record. 


(The papers referred to follow :) 





2450 INDUSTRIAL RADIOACTIVE WASTE DISPOSAL 


Submitted by Vice Adm. George F. Hussey Jr. 


Born = June 15, 1894 in Brookline, Massachusetts 


Admiral Hussey became Managing Director of the American Standards 
Association on January 1, 1948. 


Having graduated from the U. S. Naval Academy with distinction 
in 1916, Admiral Hussey served on the USS PENNSYLVANIA throughout World 
War I. In 1920 he took postgraduate work in ordnance engineering at 
Annapolis, and the University of Chicago. During nearly thirty-six years 
of naval service he held many important fleet assignments. On December 
10, 1941, Admiral Hussey was assigned to command the off-shore patrol of 
the Fourteenth Naval District in the Hawaiian Islands. His shore duty 
was associated with various sections of the Bureau of Ordnance of which 
he became Chief in December 1943, serving until September 1947. For 
this latter service he was awarded the Navy Distinguished Service Medal 
and was made an Honorary Commander of the Order of the British Empire. 
He was retired for physical disability on December 1, 1947. 


In addition to his responsibilities as Managing Director and 
Secretary of the American Standards Association, Admiral Hussey is Vice 
President of the International Organisation for Standardization. He is 
a Director of the American Ordnance Association; past president of the 
American Ordnance Association and past president of its New York Post; 
past president of the U. S. Naval Academy Alumni Association and past 
president of its New York Chapter. He is a fellow of the Standards 
Engineers Society. 
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The American Standards Association, which is the national clearinghouse for standards, 
is a federation of 64 technical’ societies, trade associations and consumer groups with 
56 similar groups as Associate Members. It draws its support primarily from its more 
than 2,000 Company Members. 


The ASA had its beginnings in 1918 when five engineering societies formed the American 
Engineering Standards Committee. These societies were The American Society of 
Mechanical Engineers, the American Institute of Electrical Engineers, the American 
Institute of Mining and Metallurgical Engineers, the American Society of Civil En- 
gineers and the American Society for Testing Materials. They established the AESC 
for the purpose of eliminating conflicts and duplication among the standards which 
they themselves were issuing, each being authoritative in its own field. The first 
act of the AESC was to invite three government departments to join on an equal foote 
ing with the founding members. The War Department, the Navy Department and the 
Department of Commerce accepted. These eight Member-Bodies through their representa- 
tives on the Main Committee of the AESC developed the principles and procedures which 
governed the operations of the AESC and which basically govern today the operations 
of the ASA. 


These principles are: 
First, standardization and all of its aspects are voluntary actions. 


Second, in the development of a standard any group having a substantial inter- 
est has an inherent right to participate in the proceedings. 


Third, if a committee be organized for the development of standards, it must 
be so balanced among producers, consumers, distributors, general interests and 
regulatory bodies, if they be involved, so that no one group may have a preponder- 
ance. Thus no group by sheer weight of votes can force a standard through or con- 
versely block a standard. 


Fourth, to receive approval as American Standard a standard must be supported 
by a consensus of those substantially concerned with its scope and provisions. 
The loose word "consensus" was chosen advisedly because the ASA reviewing boards 
both count and weigh the votes. A negative vote within a committee must be 
accompanied by supporting reasons. There have been occasions when a single nega- 
tive vote from a source importantly affected and supported by strong reasons has 
been sufficient to return the standard to the committee for further work. On 
other occasions a number of negative votes with comparatively trivial supporting 
reasons have been noted for consideration at the time of revision of the stand- 
ard, and the standard has been approved to make it available to those who want 
it. 


These principles still govern the work of the ASA. The consensus principle applies 
with equal force whether a standard is developed by a committee specially organized 





9452 INDUSTRIAL RADIOACTIVE WASTE DISPOSAL 


or whether it comes from one of the large number of highly competent technical 
societies and trade associations which develop standards in their own fields. Any 
such standard may be submitted for approval as American Standard and will receive 
that approval if it meets the criteria of the ASA principles. 


In 1928, to cope with the increased workload, the American Engineering Standards 
Committee was reorganized as the American Standards Association. By 1948, the 
operation involved half a million dollars a year and the Member-Bodies instructed 
uhe directors to incorporate under the laws of any state in order to secure corporate 
law protection and at the same time to continue to seek a Federal Charter. At this 
time there were ten Member-Bodies which were departments and agencies of the govern- 
ment. They were: Departments of Agriculture, Commerce, Interior, Labor, Navy, War, 
and Treasury, Government Printing Office, Federal Works Agency, and the Housing and 
Home Finance Agency. When the ASA became the American Standards Association, In- 
corporated under the membership corporation laws of the State of New York, the ten 
government Member~Bodies resigned on the grounds that the sovereign United States 
could not belong to a state-incorporated organization. 


The present organization of the American Standards Association is shown on chart 
No. 1, attached. 


The Standards Council is the direct descendant of the old Main Committee of the AESC 
and has responsibility for technical policies and the procedures for the application 
of the ASA principles. The Board of Directors is concerned with general policies, . 
administration and fiscal matters. All Member-Bodies are represented on the Council; 
and 15 at a time are represented on the Board of Directors. The detailed work of 
the Councii is delegated to the standards boards which are authoritative in their 
fields. The final review of standards before approval is handled by the Board of 
Review - a six-man group elected by the Council from its own membership. 


On June 7, 1955, The American Society of Mechanical Engineers sent the ASA a request 
"that ASA initiate a project on the safety codes for nuclear reactors, accelerators 
and other related subjects and consider The American Society of Mechanical Engineers 
for sponsorship." This request was shortly followed by similar requests from the 
Atomic Industrial Forum (September 13, 1955) and the National Electrical Manufac- 
turers Association (September 1), 1955). In response to these requests the ASA 
called a General Conference which was held in Washington on December 8, 1955. The 
Conference was attended by 175 representatives of 119 organizations. It decided 
that the ASA should be requested to undertake standardization in the field of nu- 
clear energy and requested "the ASA to appoint a Planning Committee to urgently 
study the question of standardization in the field of nuclear energy in detail and 
report back to the Conference as soon as possible." The Planning Committee was 
organized under the chairmanship of Mr. Morehead Patterson, Chairman of the Board 
of American Machine and Foundry Company. The Planning Committee recommended the 
establishment of a Nuclear Standards Board and, under that Board, the establishment 
of six sectional committees to deal with standardization in particular branches of 
the nuclear energy field. The organizations which had attended the Conference 
approved the recommendations of the Planning Committee which were in turn approved 
by the Standards Council. 


The ASA's organization in the field of nuclear energy is shown on chart No. 2. The 
Nuclear Standards Board elected Mr. Patterson as its chairman and proceeded to es- 
tablish the several sectional committees indicated. The Board meets from time to 
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time to receive reports of progress and to settle policy questions on behalf of the 
Standards Council within its.own field. 





The organization of the several sectional committees is shown on a series of charts 
Nos. 3 through 8. 







The matter of disposal of radioactive industrial wastes is the responsibility of 
Subcommittee 2 of Committee NS. The organization of this subcommittee is shown on 
hart No. 9. It is not required that subcommittees be balanced and it is, there- 
fore, possible to concentrate on any subcommittee the best technical experts avail- 
able in the field of the subcommittee. The protection of all interests through 
balanced membership is obtained in the parent sectional committee. The details of 
the work and the progress made so far are shown in the status report (CN 3h), page 
4, and the later report (CN 0), page 5, attached. 













It should be emphasized that in this work the ASA as a federation and the ASA staff 
have no hand in the technical decisions. These are made by the experts drawn from 
industry, government and the scientific and technical communities who do their work 
at the expense and on the time of their employers. The ASA serves as the machinery 
through which these experts can come together and through which their conclusions 

can be examined on three scores: 


























ic 
mn First, does the proposed standard conflict with any standard already approved 
° by the ASA? 
aj 
Second, was the sectional committee which recommended the standard competent 
and properly organized? and 
Third, is the proposed standard supported by a consensus? 
st The attention of the Committee is invited to the broad range of organizational 
8 participation in the Nuclear Standards Board as well as in the several sectional 
rs committees. It will be noted that there is extensive and active participation on 
the part of a considerable number of Federal Government activities, including 
particularly the Atomic Energy Commission, the National Bureau of Standards, and 
the Department of Defense. 
6 


Prepared by staff of the American Standards Association, Incorporated 


Submitted by George F. Hussey, Jr., Vice Admiral, USN (Ret), Managing Director 
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ASA 
Chart No. 2 
January, 1959 


AMERICAN STANDARDS ASSOCIATION, INC. 


A federation of national trade associations, 
technical and professional societies, and con- 
sumer organizations, with companies affiliated 
as members. 


USA member of International Organization for 
Standardization and International Electro- 
technical Commission. 





STANDARDS COUNCIL 


Representatives of 
Member Bodies 


NUCLEAR STANDARDS BOARD 


The administration and planning of national standardization work in the 
field of nuclear energy. The coordination of the national point of view 
on international standardization in this field (ISO/TC 85). The technical 
work will be placed in the hands of existing sectional committees and ex- 
isting committees of other organizations to the maximum possible extent. 


A 


Organizations Represented on the NSB 


Aircraft Industries Association Assn of Casualty & Surety Cos Manufacturing Chemists' Assn 
American Chemical Society Atomic Industrial Forum Natl Assn of Mut Casualty Co 
Am Fed of Labor & Cong of Ind Orgs Bureau of Explosives National Bureau of Standards 
American Industrial Hygiene Assn Conference of State & Provin- Natl Electrical Mfrs Assn 
American Inst of Chemical Engrs cial Health Authorities National Safety Council 
American Inst of Electrical Engrs Electric Light & Power Group Sei Apparatus Makers Assn 
American Nuclear Society Electronic Industries Assn Society of Automotive Engrs 
American Public Health Assn Health Physics Society Underwriters' Laboratories 
American Society of Civil Engrs Institute of Radio Engineers U.S. Atomic Bnergy Com 
American Soc of Mechanical Engrs Int Assn of Govt Labor Offs U.S. Bur of Labor Standards 
american Soc of Safety Engineers Mfrs Stdsn Society of the U.S. Department of Defense 
am Society for Testing Materials Valve & Fittings Industry U.S. Public Health Service 





Sectional Committees 


N2 Nu NS w7 


General and Electric Chemical 
Radiation 
Administrative Nuclear Apparatus Engineering 


Standards and Systems in the Protection 
Instrumentation 
for for the Nuclear 


Nuclear Field 
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N2, General and Administrative Standards for Nuclear Energy 


Sponsor: Atomic Industrial Forum 


Scope*: Standards, specifications, and methods of administratior associated with 
the peaceful use of nuclear energy including color codes, symbols, 
nomenclature, qualifications of professionals, records and reporting 
systems and procedures, and accountability of materials. 


Organizations Represented: 
American Chemical Society 
American Conference of Governmental Industrial Hygienists 
American Industrial Hygiene Association 
American Municipal Association 
American Nuclear Society 
American Society of Mechanical Engineers 
Association of Casualty and Surety Companies 
Association of State and Territorial Health Officers 
Atomic Industrial Forum 
Health Physics Society 
International Association of Governmental Labor Officials 
National Association of Mutual Casualty Companies 
National Bureau of Standards 
National Safety Council 
U.S. Atomic Energy Commission 
U.S. Department of Defense 
U.S. Department of Health, Education and Welfare, Public Health Service 


Subcommittees : 
N2-l1 = Color Codes and Symbols 
N2=2 = Procedures for Industriai Exposure Records 
N2=3 = Qualifications of Nuclear Professionals 
N2-4 - Nuclear Terminology 
N2=-5 = Model Atomic Energy Legislation 


* Also coordinates national point of view on Subcommittee 1, Terminology, Defini- 
tions, Units and Symbols, of the international project on Nuclear Energy, 
IsO/Tc 85, through its subcommittee N2-1,. 


N1.1-1957 
American Standard Glossary of Terms 
in Nuclear Science and Technology 


Developed by a conference wider the leadership of the 
Nationai Academy of Sciences, National Research Council, 
and approved by ASA under the Existing Standards Methed. 
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Chart Wo. h 
January, 1959 


3, Nuclear Instrumentation 


Sponsors 
Scope*: 


Institute of Radio Engineers 


Standards, specifications and methods of testing for instrumentation in 
the nuclear field including instrumentation for personnel protection, 
reactor control, industrial processes, analysis and laboratory work, 
radiation calibration equipment and components therefor. 


organizations Represented: 


American Chemical Society 

American Conference of Governmental Industrial Hygienists 
American Institute of Chemical Engineers 
American Institute of Electrical Engineers 
American Nuclear Society 

American Society of Mechanical Engineers 
American Society for Testing Materials 

Atomic Industrial Forum 

Electronic Industries Association 

Health Physics Society 

Institute of Radio Engineers 

Instrument Society of America 

International Brotherhood of Electrical Workers 
Manufacturing Chemists' Association 

National Bureau of Standards 

National Electrical Manufacturers Association 
Scientific Apparatus Makers Association 
Society of Automotive Engineers 

Underwriters' Laboratories 

U.S. Department of the Army, Corps of Engineers 
U.S. Department of the Navy, Bureau of Ships 


# Also coordinates national point of view on Technical Committee 5, Electrical 
Instrumentation, of the International Electrotechnical Commission. 
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ASA 
Chart No. 5 
January, 1959 


Nl, Electric Apparatus and Systems for the Nuclear Field 


Sponsors: American Institute of Electrical Engineers 
Electric Light and Power Group 
National Electrical Manufacturers Association 


Scope: Standards for electrical power apparatus, systems and controls, use 
the nuclear field. 


Jrganizations Represented: 
American Institute of Electrical Engineers 
American Nuclear Society 
American Society of Mechanical Engineers 
Electric Light and Power Group 
Electronic Industries Association 
Elliot Company, Division of Carrier Corporation 
General Electric Company 
International Brotherhood of Electrical Workers 
National Bureau of Standards 
National Electrical Manufacturers Association 
Underwriters' Laboratories 
U.S. Department of the Army 


* Edison Electric Institute and Association of Edison Illuminating Companies 
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NS, Chemical Engineering for the Nuclear Field 
Sponsor: American Institute of Chemical Engineers 


Scope*s Standards, specifications, tolerances, and methods of testing on the 
chemical engineering aspects of the nuclear field including: the re- 
fining, processing, separation, purification, treatment, packaging, 

h » and disposal of fuels and allied materials such as radio- 
isotopes, industrial chemicals, pharmaceuticals with isotope tracers, 
and radioactive wastes (gases, liquids, and solids); the use of radio- 
active sources for tracer purposes and for processing of foods and — 
other materials; and the application and use of chemically resistant 
coatings and the cleaning of contaminated equipment and facilities. 


Organizations Represented: 
American Chemical Society 
American Conference of Governmental Industrial Hygienists 
American Industrial Hygiene Association 
American Institute of Chemical Engineers 
American Nuclear Society 
American Public Health Association 
American Society of Civil Engineers 
American Society of Mechanical Engineers 
American Society for Testing Materials 
Association of Casualty and Surety Companies 
Electric Light and Power Group 
Health Physics Society 
Mallinckrodt Chemical Works 
Manufacturing Chemists' Association 
National Association of Mutual Casualty Companies 
National Board of Fire Underwriters 
Scientific Apparatus Makers Association 
Society of Automotive Engineers 
Underwriters' Laboratories 
U.S. Atomic Energy Commission 
U.S. Department of Defense 
U.S. Department of Health, Education and Welfare, Public Health Service 


Subcommittees: 
NS-l = Fuel Manufacture and Fabrication 
N5-2 = Radioactive Waste Disposal 
N5-3 ~ Recovery of Irradiated Fuel 
N5-4 - Use and Handling of Radioisotopes and High Energy Radiation 
N5-5 = Packaging and Transportation of Radioactive Material 


* Also coordinates national point of view on Subcommittee 4, Radioisotopes, of 


the international project on Nuclear Energy, ISO/TC 85, through its subcommittee 
NS—-k. 
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N6, Reactor Safety 


Sponsors: American Nuclear Society 
American Society of Mechanical Engineers 


Scope*: Codes and standards concerned with the hazards involved in the design, 
location, construction, and operation of nuclear reactors and of 
potential critical assemblies. 


Organizations Represented: 
American Chemical Society 
American Conference of Governmental Industrial Hygienists 
American Federation of Labor and Congress of Industrial Organizations 
American Hospital Association 
American Industrial Hygiene Association 
American Institute of Chemical Engineers 
American Institute of Eiectrical Engineers 
American Institute of Mining, Metallurgical and Petroleum Engineers 
American Institute of Physics 
American Iron and Steel Institute 
American Medical Association 
American Nuclear Society 
American Public Health Association 
American Society of Civil Engineers 
American Society of Mechanical Engineers 
American Society for Testing Materials 
Associated General Contractors of America 
Association of Casuaity and Surety Comparies 
Atomic Industrial Forum 
Compressed Gas Association 
Electric Light and Power Group 
Health Physics Society 
Institute of Radio Engineers 
Instrument Society of America 
International Association of Machinists 
International Brotherhood of Electrical Workers 
Manufacturers Standardization Society of the Valve and Fittings Industry 
Manufacturing Chemists! Association 
Mechanical Contractors Association of America 
National Association of Mutual Casualty Companies 
National Association of Plumbing Contractors 
National Board of Fire Underwriters 
National Bureau of Standards 
National Clay Pipe Manufacturers Association 
National Electrical Manufacturers Association 
National Industrial Zoning Committee 
National Research Council 
Scientific Apparatus Makers Association 
Society of Automotive Engineers 
Society of Naval Architects and Marine Engineers 
Underwriters' Laboratories 
U.S. Atomic Energy Commission 
U.S. Department of Health, Education and Welfare, Public Health Service 
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? ASA 
9 Chart No. 7 
-2- Jammary, 1959 


N6, Reactor Safety (continued) 


Subcommittees: 

N6<-1 - Site Evaluation 

N6-2 - Containment 

N6-3 - Fluid Systems of the Reactor and Fuel Within the Reactor 

N6- - Reactor Dynamics and Control Requirements 

N6-5 - Instrumentation and Execution of Control Requirements 

N6-6 = Operation, Operator Qualifications, Inspection and Maintenance, 
and Records 

N6-7 - Failure Probabilities and Maximum Credible Accidents 

N6-8 - ae Material Outside Reactors (normally subcritical 
systems 


* Also coordinates national point of view on Subcommittee 3, Reactor Safety, of 
the international project on Nuclear Energy, ISO/TC 85. 


87457 O—59—vol. 3——-42 
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ASA 
Chart No. 8 
January, 1959 


N7, Radiation Protection 


Sponsors: Atomic Industrial Forum 
National Safety Council 


Scope+s Safety standards for the protection of persons employed in facilities 
associated with the production and utilization of fissionable materials 
against the normal, routine hazards present in such facilities (facilities 
include mines, mills, refineries, separation plants, fuel element fabrica- 
tion plants, critical assembly facilities, processing and reprocessing 
plants, working areas around nuclear reactors of all types, and transporta. 
tion, and purification of "spent fuel elements" and gross fission products), 


Organizations Represented: 
American Chemical Society 
American Federation of Labor and Congress of Industrial Organizations 
American Industrial Hygiene Association 
American Nuclear Society 
American Public Health Association 
American Society of Mechanical Engineers 
American Society of Safety Engineers 
Association of Casualty and Surety Companies 
Association of State and Territorial Health Officers 
Atomic Industrial Forum 
Health Physics Society 
International Association of Governmental Labor Officials 
International Brotherhood of Electrical Workers 
Manufacturing Chemists! Association 
National Association of Mutual Casualty Companies 
National Bureau of Standards 
National Safety Council 
Society of Automotive Engineers 
Underwriters! Laboratories 
U.S. Atomic Energy Commission 
U.S. Department of Health, Education and Welfare, Public Health Service 
U.S. Department of Labor, Bureau of Labor Standards 


Subcommittees : 
N7-1 = Uranium Mines and Mills 
N7=<2 = Uranium and Thorium Refineries 
N7=3 - Isotopic Separation Plants 
N7- - Health Physics of Fuel Element Fabrication 
N7-5 = Health Physics for Reactors 


* Also coordinates national point of view on Subcommittee 2, Radiation Protection, 
of the international project on Nuclear Energy, ISO/TC 85. 
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ASA 
Chart No. 9 
January, 1959 


NS, Chemical Engineering for the Nuclear Field 
Subcommittee 2 - Radioactive Waste Disposal 
Dr. J.A. Lieberman 


Objective: Standards, codes, specifications, tolerances, and methods of testing 
on the chemical engineering aspects of the nuclear field concerning 
the handling, storage, treatment, processing, disposal and/or shipment 
of radioactive wastes. 


Program of work: 

1. Classification of Wastes (gaseous, liquid, and solid) - to include 
chemical and physical characteristics, degree of radioactivity, 
etc. Definitions of terminology (high- and low-level) uniform 
measurements, etc. 


Permissible Waste Effluent Standards - evaluation of existing 
MPC's to take into account such environmental factors as dilution, 
downstream uses, sanitary and storm sewer systems, etc. 


Packaging and Transportation of Wastes - to include container 
specifications, shielding requirements, quantities and types of 
material to be shipped, and possibly an analysis of transportation 
routes involved. 


Standard Methods of Liquid Waste Treatment - for low and inter- 
mediate level wastes, based on activity level, radionuclide composi- 
tion, and degree of treatment required. Description of various 
waste processing methods, decontamination factors to be expected, 
etc. 


Standardization of Effluent Monitoring Procedures =< pertaining to 
stack and liquid effluents. Uniformity in types and frequencies 
of samples to be collected, locations of sample stations, methods 
of analysis, counting techniques, etc., are items to consider. 


Site Selection Criteria - pertaining to location and operation of 
all nuclear facilities from the standpoint of waste handling, 
processing, and storage considerations. Areas of consideration 
would include meteorology, geology, hydrology, seismology, topog- 
raphy, population data and surrounding activities. 


Uniform Reporting System - need for specific standardized report- 
ing procedures on quantities of radioactivity discharged to the 
environment in cases of accident and also for normal operation. 
Will aid in correlation of data from one location to another. 
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AMERICAN STANDARDS ASSOCIATION 


INCORPORATED 
70 East Forty-fifth Street New York 17, N. Y. 


ASA CN ho 


November 17, 1%! 


To the Members of Standards Council 


Status Report of Projects Under the Jurisdiction 
of the Nuclear Standards Board 


Gentlemen: 


In accordance with Section 105 of ASA Procedure which requires that the ASA be key 
informed of the progress of work, the status of the projects under the jurisdictix 
of the NSB is reported herein. All projects listed are under the Sectional Comnit. 
tee Method unless otherwise noted. 


Nl, Glossary of Terms in Nuclear Science and Technolo 
(Existing Standards Method) 


N1.1-1957, American Stanaard Glossary of Terms in Nuclear Science and 
Technology 


' 


This standard was developed by a conference under the leadership of 
the National Academy of Sciences, National Research Council, and approve 
by ASA under the Existing Standards Method. The National Research Cow- 
cil has now assigned the copyright on this document to the American 
Standards Association, and the revision of this standard has been 
assigned to the N2 Sectional Committee. 


N2, General and Administrative Standards for Nuclear Energy 


Sponsor: Atomic Industrial Forum 
Chairman: William A. McAdams 
Secretary: Saul J. Harris 


Scope: Standards, specifications, and methods of administration associated 
with the peaceful use of nuclear energy including color codes, sym- 
bols, nomenclature, qualifications of professionals, records and re- 
porting systems and procedures, and accountability of materials. 

Subcommittees: 

N2-1, Color Codes and Symbols 
Chairman: F. Raymond Zintz 


This subcommittee, established to cover further the development 
of symbol proposals, has been working on a standard radiation sym- 
bol, but has met with opposition from the interstate transport 
agencies. 


N2-2, Procedures for Industrial Exposure Records 
Chairman: Arthur R. Keene 


This subcommittee has been preparing a draft for a standard 
record keeping procedure. 
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N2 continued 
N2-3, Qualifications of Nuclear Professionals 
Chairman: Dr. G. Hoyt Whipple 


This subcommittee has been working on standards for four types of 
professionals: Reactor Supervisor, Health Physicist, Nuclear En- 

Is gineer, and Medical Radiation Specialist. There has been some 
problem created by the question of acceptance of the "nuclear en- 
gineer" as a separate specialty in engineering. 


N2-4, Nuclear Terminology 


Chairman: Jerome D. Luntz 


This subcommittee met October 29, and started work on (a) revi- 
sion of N1.1-1957, (b) international glossary (1S0/TC 85/SC 1), 


> key, and (c) nuclear terms being considered by IEC/TC 1 documents 
Loti: 1(26) (Secretariat)265 and 1(66)(Secretariat)266,. 
mmm t- 

: N2-5, Model Atomic Energy Legislation 


Chairman: Herbert Mermagen 


This subcommittee, in the process of being organized, will have 
as its major purpose the review or development of model laws and 
codes for use by state and local governments in atomic energy 


generally. 
prove: The N2 Sectional Committee also coordinates the national point of view on Sub- 
Coun committee 1, Terminology, Definitions, Units and Symbols, of the International 


project on Nuclear Energy, ISO/TC 85. (See Subcommittee N2<). 
The next meeting of the N2 Sectional Committee has been scheduled for December |. 


N3, Nuclear Instrumentation 


Sponsor: Institute of Radio Engineers 
Chairman: William H. Hamilton 
Secretary: L.G. Cumming 


ted Scope: Standards, specifications and methods of testing for instrumentation 
yn- in the nuclear field including instrumentation for personnel protec- 
| re- tion, reactor control, industrial processes, analysis and laboratory 


work, radiation calibration equipment and components therefor. 


The Committee to date has held three meetings: April 28, 1958, June 19, 1958 
and September 25, 1958. 


The April 28 meeting was mainly an organization meeting. The scope of work 
for the Committee was established as shown above. It was later submitted to 
the Nuclear Standards Board, and was approved by the NSB. At the organization 





2466 INDUSTRIAL RADIOACTIVE WASTE DISPOSAL 


N3 continued 


meeting it was recognized that there are many activities in standards work in 
the nuclear instrumentation field, and one of the biggest contributions of N3 
would be to develop a coordinated statement showing all the activities and 
their inter-relationship. A survey was made of! the work in all the professiona] 
societies associated with the Nuclear Standards Board by means of questionnaires, 
and from this survey an Index of Standards was developed. This lists the fields 
of interest of each of the technical societies which has worked inthe field of 
nuclear instrumentation. It also lists the names and identification of stand. 
ards which have been accepted. It is intended to keep this index up to date 
and publish it from time to time. 


At the second meeting the Committee set up a subcommittee to handle the index 
mentioned above. A subcommittee on topical structure of standards was estab- 
lished to develop a pattern which can be used for the classification by topics 
of standards that are required in the nuclear instrument industry and in the 
general use of nuclear instrumentation. The Committee has agreed to a general 
policy of attempting to have standards developed by member organizations rather 
than writing these standards themselves. 


At the third meeting some standards that had been prepared by the Electronic 
Industries Association were reviewed and comments made. Based on this review 
the standards will be rewritten and resubmitted at the time of the next Com- 
mittee meeting. This represents the first real step in beginning to process 
standards that can be accepted for general use. 


At the April 28 meeting the Chairman of the United States National Committee 
of the International Electrotechnical Commission discussed with the members of 
N3 a proposed IEC committee in the same general area of interest as that of N3, 
It was decided that N3 would cooperate to the fullest extent in the IEC work. 
At the September 25 meeting it was reported that IEC Technical Committee 5 
(Electrical Measuring Instruments Used in the Application of Radioisotopes and 
Personal Protection) had been organized and that Germany had accepted the 
Secretariat. The German Secretariat had requested the United States to appoint 
a chairman for this committee. It was recommended by N3 that W.H. Hamilton 
be recommended as chairman of this committee. It was further recommended that 
R.F. Shea be appointed U.S. delegate to this committee. 


The Committee hoped to hold its next meeting in New York City in December. 


Nh, Electrical Requirements for Reactors and Nuclear Power Systems and Generation 
and Application of Nuclear Radiation 


Sponsors: American Institute of Electrical Engineers 
Electric Light and Power Group 
National Electrical Manufacturers Association 
Chairman: Philip N. Ross 
Secretary: Richard W. Shaul 


Proposed scopes Standards for electrical power apparatus, systems and 
controls, used in the nuclear field. 
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Ny continued 


The Sectional Committee held its first meeting on November 6, 1958 at 
which time it voted on a change in scope to that shown above (subject 
to the approval of the NSB) and a change in title to that of "Electric 
Apparatus and Systems for the Nuclear Field." Also at that meeting 
three planning subcommittees were established to study and recommend a 
subcommittee structure which would be practical in dealing with the 
scope of this project. . 


NS, Chemical Engineering for the Nuclear Field 


Sponsor: American Institute of Chemical Engineers 

Chairman: Stanley IL Winde 

Vice Chairman: Wheaton W. Kraft 

(As of January 1, 1959, W.W. Kraft will become Chairman, and Stephen Lawroski 

will be Vice Chairman. $ 

Scope: Standards, specifications, tolerances, and methods of testing on the 
chemical engineering aspects of the nuclear field including: the re- 
fining, processing, separation, purification, treatment, packaging, 
handling, and disposal of fuels and allied materials such as radio- 
isotopes, industrial chemicals, pharmaceuticals with isotope tracers, 
and radioactive wastes (gases, liquids, and solids); the use of radio- 
active sources for tracer purposes and for processing of foods and 
other materials; and the application and use of chemically resistant 
coatings and the cleaning of contaminated equipment and facilities. 


Organizations added since April 21: American Conference of Governmental 


Industrial Hygienists, National Board of Fire Underwriters, Underwriters! 
Laboratories, Inc. 


A Sectional Committees meeting was held on March 12 at the ASA offices. Each 
subcommittee reported on the progress to date, and a fifth subcommittee was 
established on Packaging and Transportation of Radioactive Material. The pro- 


grams outlined by the subcommittees are as follows: 
Subcommittees: 
N5-1, Fuel Manufacture and Fabrication 
Chairman: Dr. C.E. Cromptcn 
Dr. Crompton summarized two projects for this subcommittee: 
1. Make an effort to come up with a standard scale on enrichment 
up to five percent which would be compatible with the type of 
reactor design considered. This could produce better service 


and lower cost, and 


Solicit specifications that various producers and customers 
feel are appropriate for uranium oxide fuel. 
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NS continued 
N52, Radioactive Waste Disposal 
Chairman: Dr. J.A. Lieberman 


Dr. Lieberman has set up committees to determine which aspects of 
their scope can be standardized most profitably at this time. The 
committees are as follows: 


Committee Responsible Assisting 


1 - Classification of Wastes R.J. Morton E.G. Strwmess 
I.B. Dick 
2 = Permissible Waste Effluent E.G. Struxness R.J. 
Standards F.W. 
C.P. 
3 = Packaging and Transporta- L.A. Barrer J.A. 
tion of Wastes N.B. 
= Standard Methods of Liquid F.W. Davis I.B. 
Waste Treatment w.W. 
5 = Standardization of Effluent C.P. Straub JW. 
Monitoring Procedures J.M. 
6 = Site Selection Criteria J.M. Smith N.B. 
L.A. 
E.G. 
7 - Uniform Reporting System J.W. Lake C.P. 
F.W. 


N5-3, Recovery of Irradiated Fuel 
Chairman: Dr. C.E. Winters 


It was the consensus of the group that Subeommittee 3 should con- 
tinue to keep an eye on the situation and investigate the possi- 
bility of coordinating the activities that are in progress in the 
Atomic Energy Commission on the design of casks for elements. 


N5-, Use and Handling of Radioisotopes and High Energy Radiation 


Acting Chairman: A.C. Jealous 
Secretary: C.R. Russell 


Because of a change in work assignment, H.J. Ogorzaly found it 
necessary to resign as chairman of this subcommittee. 


A meeting of this subcommittee was held October 1) to elect a new 
chairman, and to consider the participation of this subcommittee 
in Subcommittee 4, Radioisotopes, of the International project on 
Nuclear Energy, ISO/TC 85. 


Mr. A.C. Jealous agreed to accept the responsibility of Acting 
Chairman, and Dr. C.R. Russell of Secretary. 
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NS continued 
There was considerable discussion of the proposed outline of work 
of ISO/TC 85/SC = Radioisotopes. While the entire scope, as pro- 
posed, is broader than the present scope of this subcommittee, it 
was agreed that N5-l, was the most logical group to accept this 
assignment. This had been the conclusion also of Mr. W.A. McAdams 
(Chairman of N2) and Mr. R.G. McAllister (Chairman of N7). 


It was agreed to proceed to supplement the membership of this sub- 
committee in order to handle this assignment. 


N5<-5, Packaging and Transportation of Radioactive Material 
Chairman: M.M. Braidech 
Mr. Braidech has agreed to set up an organizational meeting of this 
subcommittee this fall to establish a written scope for the subcom- 
mittee, and to see what further committees should be organized. 
The NS Sectional Committee also coordinates the national point of view on Sub- 


committee 4, Radioisotopes, of the International project on Nuclear Energy, 
IsO/TC 85 (See Subcommittee N5-l). 


N6, Reactor Safety Standards 
Sponsors: American Nuclear Society 
American Society of Mechanical Engineers 
Chairman: Alfred Iddles 
Vice Chairmen: Harold Etherington 
Miles C. Leverett 
Secretary: Melvin Ross 
Scope: Codes and standards concerned with the hazards involved in the design, 
location, construction, and operation of nuclear reactors and of poten- 
tial critical assemblies. 
Subcommittees : 
N6-1, Site Evaluation 
Chairman: R.O. Brittan 
N6-2, Containment 
Chairman: Alf Kolflat 
N6-3, Fluid Systems of the Reactor and Fuel Within the Reactor 
Chairman: W.C. Gumprich 
N6-4, Reactor Dynamics and Control Requirements 


Chairman: John Ozeroff 
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N6 continued 


N6-5, Instrumentation and Execution of Control Requirements 
Chairman: John M. Finan 


N6-6, Operation, Operator Qualifications, Inspection and Maintenance, and 
Records 


Chairman: Charles F. Jones 
N6-7, Failure Probabilities and Maximum Credible Accidents 


Chairman: Dr. 0.H. Greagor 


N6-8, Fissionable Material Outside Reactors (normally subcritical systems) 
Chairman: A.D. Callihan 


A meeting of the N6 Steering Committee and chairmen of N6 subcommittees was 
held on July 15 at which time reports of subcommittees were heard. There was 
some discussion clarifying subject matter and scope of activity of various 
subcommittees. Committee memberships were reported virtually complete, and 
the writing of sections of final reports has begun. As a result of a coordina- 
tion meeting held in Cincinnati on April 9 between various interests active in 
the nuclear standards field, it was reported that some progress has been made 
in unifying independent efforts in certain standards work. 


Discussion was also held on the part codes and standards play in local and 
state legislation. Reference was made to the conference, sponsored by the 
Atomic Industrial Forum, to discuss this problem. 


Consideration was also given to three American proposals which had been pre- 
sented at the meeting of IS0/85 on Nuclear Energy (on whose Subcommittee 3, 
Reactor Safety, the N6 Sectional Cpmmittee coordinates the national point of 
view) in Harrogate, England, and the comments received at the Harrogate meet- 
ing. Copies of the American proposals were distributed to those attending for 
further study by the N6 subcommittees. 


N7, Radiation Protection 


Sponsors: Atomic Industrial Forum 
National Safety Council 

Chairman: R.G. McAllister 

Vice Chairman: Hugh F. Henry 

Secretary: Saul J. Harris 


Scope: Safety standards for the protection of persons employed in facilities 
associated with the production and utilization of fissionable materials 
against the normal, routine hazards present in such facilities (facili- 
ties include mines, mills, refineries, separation plants, fuel element 
fabrication plants, critical assembly facilities, processing and re- 
processing plants, working areas around nuclear reactors of all types, 
and transportation, and purification of "spent fuel elements" and 
gross fission products). 
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N7_ continued 
Subcommittees: 
N7-l1, Uranium Mines and Mills 
Chairman: Duncan Holaday 
The chairman of this subcommittee wrote a preliminary rough draft 
for Radiation Protection Standards in Uranium Mines and Mills which 
he sent to the Chairman of the sectional committee who expanded it 
considerably. The next meeting of this subcommittee has been 
scheduled for November 17 in Denver, Colorado. 
N7-2, Safety Standards in Uranium and Thorium Refineries 
Chairman: Mont G. Mason 
The chairman of this subcommittee believes that organizing the 
Symposium on Toxicity of Uranium put on by the AEC at the NYU 
Medical Center in October was a major contribution toward develop- 
ment of standards for uranium refineries. 
N7-3, Isotopic Separations 
Chairman: Dr. Hugh F. Henry 
This subcommittee has been organized with the following membership: 
R.C. Baker, Paducah Gaseous Diffusion Plant, UCNC 
H.F. Henry, Oak Ridge Gaseous Diffusion Plant, UCNC 
Ben Kalmon, Portsmouth Area Plant, GAT 
J.D. McLendon, Y-12 Plant, UCNC 
N7-4, Health Physics of Fuel Element Fabrication 
Chairman: S.F. Audia 
This subcommittee is still in the process of being organized. It 
planned to hold its second meeting on October 29 in Attleboro, 
Massachusetts. 
N7-5, Health Physics for Reactors 


Chairman: Joseph Fitzgerald 


The first full meeting of this subcommittee was held October 1. The 
chairman has organized the work for the subcommittee, has drawn up an 
outline of the proposed standard, and has assigned sections to dif- 
ferent committee members to write. 


The N7 Sectional Committee held a meeting on October 1) for the purpose of re- 
ceiving reports from the Subcommittee chairmen regarding progress made toward 
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N7_ continued 
drawing up Radiation Protection Standards, under their particular scopes. 
The N7 Sectional Committee also coordinates the national point of view on 


Subcommittee 2, Radiation Protection, of the International project on Nuclear 
Energy, ISO/TC 85. 


Henry G. Lamb, Secretary 
Nuclear Standards Board 
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AMERICAN STANDARDS ASSOCIATION 


INCORPORATED 


CN 3h 
To the Members of Standards Council 


Status Report of Projects Under the Jurisdiction 
of the Nuclear Standards Board 


Gentlemen: 


In accordance with Section 105 of ASA Procedure which requires that the ASA be kept 
informed of the progress of work, the status of the projects under the jurisdiction 


of the NSB is reported herein. All projects listed are under the Sectional Commit- 
tee Method unless otherwise noted. 


N1, Gloss of Terms in Nuclear Science and Technol: 
(Existing Standards Method) 


N1.1-1957, American Standard Glossary of Terms in Nuclear Science and Technology 


This standard was developed by a conference under the leadership of the 
National Academy of Sciences, National Research Council, and approved by 
ASA under the Existing Standards Method. The National Research Council 
has now assigned the copyright on this document to the American Standards 
Association, and the revision of this standard has been assigned to the 
N2 Sectional Committee. 


N2, General and Administrative Standards for Nuclear Energy 


Sponsor: Atomic Industrial Forum 
Chairman: William A. McAdams 
Secretary: Saul J. Harris 


Scope: Standards, specifications, and methods of administration associated 
with the peaceful use of nuclear energy including color codes, sym- 
bols, nomenclature, qualifications of professionals, records and re- 
porting systems and procedures, and accountability of materials, 


Qrganizations Represented: American Chemical Society; American Industrial 
Hygiene Association; American Municipal Association; American Nuclear 
Society; American Society of Mechanical Engineers; Association of Casualty 
and Surety Companies; Association of State and Territorial Health Officers; 
Atomic Industrial Forum; Health Physics Society; International Association 
of Governmental Labor Officials; National Association of Mutual Casualty 
Companies; National Bureau of Standards; National Safety Council; U.S. 
Atomic Energy Commission; U.S. Department of Defense; U.S. Department of 
Health, Education and Welfare, Public Health Service. 


Subcommittees: 


N2.1, Color Codes and Symbols 


This subcommittee has been working on a standard radiation symbol, but 
has met with opposition from the interstate transport agencies. 
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N2 continued 
N2.2, Procedures for Industrial Exposure Records 
Chairman: A.R. Keene 


This subcommittee has met and organized its work, including scope. The 
members are now trying to draft a proposal for consideration among them- 
selves, They hope to have a radiation recording system proposal for in- 
dustry by the end of the current year. 


N2.3, Qualifications of Nuclear Professionals 
Chairman: Dr. G. Hoyt Whipple 


This subcommittee has been organized, and is attempting to write quali- 
fication procedures for four types of professionals - (a) Nuclear En- 
gineer (responsibility assigned to the American Nuclear Society which 
already has a procedure in operation), (b) Health Physicist (responsi- 
bility assigned to Health Physics Society), (c) Reactor Supervisor (re- 
sponsibility assigned to Atomic Energy Commission), and (d) Reactor Super- 
visor (Medical) (responsibility assigned to various medical groups). 


N2.4, Nuclear Terminology 
Chairman: Jerome D. Luntz 


This subcommittee has received formal authorization from the National 
Research Council to revise the Glossary of Terms in Nuclear Sciences end 
Technology, N1.1-1957. The members have been working on the Glossary as 
preparation for the meeting of ISO/TC 8/SO 1 in Harrogate in June. 
Their review of the terms has been for their ow discussion purposes 


so far, 


N2.5, Model Atomic Energy Legislation 


This subcommittee has not yet been organized. On the agenda is the 
development of a series of model codes and laws to include radiation 


protection. Also to be considered is legislation on workmen's compen- 
sation. 


The N2 Sectional Committee also coordinates the national point of view on Sub- 
committee 1, Terminology, Definitions, Units and Symbols, of the International 
Project on Nuclear Energy, ISO/TC 8. 


N3, Nuclear Instruments 


Sponsor: Institute of Radio Engineers 
Chairman: William H. Hamilton ~- 


Secretary: L.G. Cumming 


Proposed Scope: Standards, specifications and methods of testing for instru- 
ments used in the nuclear field including instruments for personnel 
protection, reactor control, industrial processes, analysis and labora- 
tory work, radiation calibration equipment and components therefor. 
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N3_ continued 


Organizations Represented: American Chemical Society; American Institute of 
Electrical Engineers; American Nuclear Society; American Society of Mechar.- 
ical Engineers; Atomic Industrial Forum; Electronic Industries Association; 
Health Physics Society; Institute of Radio Engineers; Instrument Society of 
America; International Brotherhood of Electrical Workers; Manufacturing 
Chemists' Association; National Bureau of Standards; National Electrical 
Manufacturers Association; Scientific Apparatus Makers Association; Society 
of Automotive Engineers; U.S. Department of the Navy, Bureau of Ships. 


The first meeting of this sectional committee has been called for April 28. 


Ny, Electrical Requirements for Reactors and Nuclear Power Systems and Generation 
and Application of Nuclear tion 


Sponsors: American Institute of Electrical Engineers 
Electric Iight and Power Croup 
National Electrical Manufacturers Association 
Chairman: Philip N. Rossa 
Secretary: Richard W. Shaul 


Proposed Scope: Standards, specifications and methods of testing for the eiec- 
trical equipment used in nuclear reactors and nuclear power systems and in 
the generation and application of nuclear radiation. 


NS, Chemical Engineering for the Nuclear Field 


Sponsor: American Institute of Chemical Engineers 
Chairman: Staniey I, Winde 
Vice Chairman: Wheaton W. Kraft 


Scope: Standards, specifications, tolerances, and methods of testing on the 
chemical engineering aspects of the nuclear field including: the re- 
fining, processing, separation, purification, treatment, packaging, 
handling, and disposal of fuels and allied materiais such as radio- 
isotopes, industrial chemicals, pharmaceuticals with isotope tracers, 
and radioactive wastes (gases, liquids, and solids); the use of radio- 
active sources for tracer purposes and for processing of foods and 
other materials; and the application and use of chemically resistant 
coatings and the cleaning of contaminated equipment and facilities. 


Organizations Represented: American Chemical Society; American Industrial 
Hygiene Association; American Institute of Chemical Engineers; American 
Nuclear Society; American Public Health Association; American Society of 
Civil Engineers; American Society of Mechanical Engineers; American Society 
for Testing Materials; Association of Casualty and Surety Companies; Elec- 
tric Light and Power Group; Health Physics Society; Manufacturing Chemists' 
Association; National Association of Mutual Casualty Companies; Scientific 
Apparatus Makers Association; Society of Automotive Engineers; U.S. Atomic 


Energy Commission; U.S. Department of Defense; U.S. Department of Health, 
Education and Welfare, Public Health Service. 
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continued 


An organizational meeting of the NS Sectional Committee was held June 12, 1957 
at the ASA offices, Twenty-six people attended, representing fifteen technical 
societies and interested groups. The following subcommittees were formed to 
study the problem in the various fields. (Each subcommittee has organized and 
agreed to a scope of work as shown): 


NS.1, Fuel Manufacture and Fabrication 
Chairman: Dr. C.E. Crompton 
Scope: Feed materials processing and fuel element manufacture involving 
both normal and enriched nuclear material, but excluding the opera- 
tions within the gaseous diffusion cascades. 


Standards, codes, specifications, tolerances and methods of testing 
on the chemical engineering aspects of the nuclear field concerning: 


1. The handling and processing of nuclear material during its resi- 
dence at the concentrating mills. 


The separations and purification steps leading ultimately to 
reactor grade oxide or metal. 


The forming and fabrication of finished fuel elements and their 
subsequent inspection. 


The unique nuclear aspects, such as criticality, of preparing 
fuel elements for shipment to the reactor sites. 


The preparation of new fuel elements from decontaminated nuclear 
material resulting from the recycle of spent fuel. 


NS.2, Radioactive Waste Disposal 
Chairman: Dr. J.A. Lieberman 


Scope: Standards, codes, specifications, tolerances, and methods of testing 
on the chemical engineering aspects of the nuclear field concerning 
the handling, storage, treatment, processing, disposal and/or ship- 
ment of radioactive wastes, and including: 


1. Classification of Wastes (gaseous, liquid, and solid) - to in- 
clude chemical and physical characteristics, degree of radio- 
activity, etc. Definitions of terminology thigh and low-level) 
uniform measurements, etc. 


Permissible Waste Effluent Standards - Evaluation of existing 
MPC's to take into account such environmental factors as dilu- 
tion, downstream uses, sanitary and storm sewer systems, etc. 
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Packaging and Transportation of Wastes ~- To include container 
specifications, shielding requirements, quantities and types of 


material to be shipped, and possibly an analysis of transporta- 
tion routes involved, 


Standard Methods of Liquid Waste Treatment - For low and inter- 
mediate level wastes, based on activity level, radionuclide com- 
position, and degree of treatment required. Description of vari- 
ous waste processing methods, decontamination factors to be ex- 
pected, etc. 


Standardization of Effluent Monitoring Procedures - Pertaining 
to stack and liquid effluents. Uniformity in types and. fre- 
quencies of samples to be collected, locations of sample sta- 


tions, methods of analysis, counting techniques, etc., are items 
to consider. 


Site Selection Criteria - Pertaining to location and operation 
of all nuclear facilities from the standpoint of waste handling, 
en and storage considerations. Areas of consideration 

clude meteorology, geology, hydrology, seismology, topog- 
mali  sapeanaa data and surrounding activities. 


Uniform Reporting System - Need for specific standardized re- 
porting procedures on quantities of radioactivity discharged to 
the environment in cases of accident and also for normal 
tion, Will aid in correlation of data from one location to 
another. 

N5.3, Recovery of Irradiated Fuel 


Chairman: Dr. C.E. Winters 


Scope: Standards, codes, specifications, tolerances and methods of testing 
on the chemical engineering aspects of the nuclear field concerning: 


1. The transportation of used fuel assemblies from the reactor to 
the Irradiated Fuel Processing Plant (IFPP). 


2. The reprocessing of the fuel elements in the IFPP. 


The preparation for shipment of recovered fuels suitable for 
fuel fabrication activities, fob, IFPP. 


The preparation for shipment of radioactive wastes suitable 
for waste disposal activities, fob, IFPP. 


The preparation for shipment of fission product radioisotopes 
suitable for sale or other useful purposes. 


The pre- and post-irradiation processing and the delivery of 
substances irradiated for the purposes of generating useful 
radioactivity, (non-fission radioisotope manufacture), fob 
reactor or isotope plant. 
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N5 continued 


7. The application and use of chemical resistant coatings, cleaning 
facilities and decontamination of equipment. 


NS.4, Use and Handling of Radioisotopes and High Energy Radiation 
Chairman: H.J. Ogorzaly 


Scope: Standards. codes, specifications, tolerances, and methods of testing 
on the chemical engineering aspects of the nuclear field concerning: 


1. The use and handling of low intensity sealed radioisotope 
sources, e.g., container specifications, leak tests, handling 
of spills, disposal problems. 


2. The use and handling of radiotracers, e.g., facilities and equip- 
ment needed, hygiene, and disposal. 


3. Industrial use of radioisotopes, e.g., container specifications, 
handling, safety precautions. 


l. High intensity radiation facilities, e.g., shielding and other 
safety precautions, source intensity calibrations, dosimetry. 


The second sectional committee meeting was held March 12, 1958 at the ASA offices, 
Each subcommittee reported progress in its area of interest, and defined specific 
projects for further siudy. A fifth subcommittee was established - 
N5.5, Packaging and Transportation of Radioactive Material 

Chairman: M.M. Braidech 


Anyone interested in this work or who has suggestions for projects in this field 
should contact the Chairman, 


N6, Reactor Safety Standards 


Sponsors: American Nuclear Society 
American Society of Mechanical Engineers 
Chairman: Alfred Iddles 


Vice Chairmen: Harold Etherington 
Miles C. Leverett 
Secretary: Melvin Ross 


Scope: Codes and standards concerned with the hazards involved in the design, 
location, construction, and operation of nuclear reactors and of poten- 
tial critical assemblies. 


Organizations Represented: American Chemical Society; American Conference of 
Governmental Industrial Hygienists; American Federation of Labor and Congress 
of Industrial Organizations; American Hospital Association; American Indus- 
trial Hygiene Association; American Institute of Chemical Engineers; American 





memes 
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N6 continued 


Institute of Electrical Engineers; American Institute of Mining, Metallurgical 
and Petroleum Engineers; American Institute of Physics; American Iron and 
Steel Institute; American Medical Associations American Nuclear Society; Ameri- 
can Society of Civil Engineers; American Society of Mechanical Engineers; 
American Society for Testing Materials; Associated General Contractors of 
America; Association of Casualty and Surety Companies; Atomic Industrial Forum; 
Compressed Gas Association; Electric Light and Power Group; Health Physics 

Society; Institute of Radio Engineers; Instrument Society of America; Inter- 

| national Association of Machinists; International Brotherhood of Electrical 
Workers; Manufacturing Chemists' Association; Mechanical Contractors Associa- 
tion of America; National Association of Mutual Casualty Companies; National 
Association of Plumbing Contractors; National Board of Fire Underwriters; 
National Bureau of Standards; National Clay Pipe Manufacturers Association; 

National Electrical Manufacturers Association; National Industrial Zoning 

si Committee; National Research Council; Scientific Apparatus Makers Association; 

Society of Automotive Engineers; Society of Naval Architects and Marine En- 


gineers; U.S. Atomic Energy Commission; U.S. Department of Health, Education 
and Welfare, Public Health Service. 


Subcommittees: 
N6.1, Site Evaluation 


— Chairman: R.O. Brittan 
fic 
Objective: To determine which criteria should be considered in the evalua- 
tion of the safety of possible reactor sites, to recommend methods of 
computation for site evaluation and to prepare, where possible, appro- 


priate standards, 
N6.2, Containment 
Chairman: Alf Kolflat 


Objective: This subcommittee shall, in those cases where containment is 
deemed necessary, determine the applicable standards, 


N6.3, Fluid Systems of the Reactor and Fuel Within the Reactor 
Chairman: W.C. Gumprich 


Objective: Mechanical design, specifications, and pre-operational inspec- 
tion and testing of the containment system of radioactive fluids of 
the reactor system. Will include non-radioactive fluid systems where 

. possibility of hazard exists. Also, considerations peculiar to speci- 


fic coolants, and the power supply and drives for pumps essential to 
safe operation of a reactor. 


37457 O—59—vol. 3——-43 
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N6 continued cor 
N6.4, Reactor Dynamics and Control Requirements ‘The 
con 
Chairman: John Ozeroff | Ts! 
Odjective: Methods of predicting, evaluating and controlling against Nt Re 
variations in reactor power, temperature or pressure which might 
lead to fission product release or endanger the reactor or plant | Sp 
equipment, 
Chi 
N6.5, Instrumentation and Execution of Control Requirements Vi 
Se 
Chairman: John M, Finan 
Se 
Ojective: To establish standard criteria for the quantity and kind of 
instruments, control operating mechanisms, and control panels, all 
as required to maintain the reactor, turbine generator (when used) 
and ancillary equipment in safe operation under all load conditions, 
N6.6, Operation, Operator Qualifications, Inspection and Maintenance, and 
Records 
Chairman: Charles F, Jones | Or 


Qjective: To formulate standards or recommendations for operating pro- 
cedures, operator qualifications, inspection - both prior to and 
subsequent to initial operation, maintenance procedures, and records 
required for safety 


N6.7, Failure Probabilities and Maximum Credible Accidents 
Chairman: W.R. Kanne 


Objective: To establish guides of either acceptable probabilities or those 
which can be expected to obtain from failure frequency of reactor 
systems, and to define the concept of a "maximum credible accident" Si 
and establish recommended procedures for arriving at specific de- 
scriptions and magnitudes of maximum credible accidents. 


N6.8, Fissionable Material Outside Reactors (normally subcritical systems) 
Chairman: A.D. Callihan 


Objective: To establish realistic standards (and guiding information) 
designed to prevent critical accumulation of fissionable material in 
operations, such as fuel element fabrication or fuel processing, fuel 
processing after use, recovery cf excess fissionable material, attend- 

storage, and transportation. 
The N6 Sectional Committee has held two meetings. It has also established a 
Steering Committee composed of the officers and the chairmen of the eight sub- 
committees. This Steering Committee has held three meetings, the last of which 
was March 19 in Chicago. 





INDUSTRIAL RADIOACTIVE WASTE DISPOSAL 248] 


F continued 
| The N6 Sectional Committee also coordinates the national point of view on Sub- 
| committee 3, Reactor Safety, of the International Project on Nuclear Energy, 


| Iso/tc 8. 
M], Radiation Protection 
| Sponsors: Atomic Industrial Forum 
National Safety Council 
Chairman: Remus G, McAllister 
| Vice Chairman: Hugh F. Henry 
Secretary: Saul J. Harris 
Scope: Safety standards for the protection of persons employed in facilities 
of associated with the production and utilization of fissionable materials 
11 against the normal, routine hazards present in such facilities (facili- 
d) ties include mines, mills, refineries, separation plants, fuel element 
ons. | fabrication plants, critical assembly facilities, processing and re- 
processing plants, working areas around nuclear reactors of all types, 
da and transportation, and purification of "spent fuel elements" and gross 


fission products), 


Organisations Represented: American Association of State and Territorial Health 
Officers; American Chemical Society; American Federation of Labor and Congress 


_— of Industrial Organizations; American Industrial Hygiene Association; American 
Nuclear Society; American Public Health Association; American Society of 
ords Mechanical Engineers; American Society of Safety Engineers; Association of 


Casualty and Surety Companies; Atomic Industrial Forum; Health Physics Society; 

International Association of Governmental Labor Officials; Manufacturing 

Chemists' Associations National Association of Mutual Casualty Companies; 

National Bureau of Standards; National Safety Council; Society of Automotive 

Engineerss U.S. Atomic Energy Commission; U.8. Department of Health, Education 

and Welfare, Public Health Service; U.S. Department of Labor, Bureau of Labor 
those Standards. 


nt Subcommittees: 
” N7.1, Uranium Mines and Mills 
s ) | Chairman: Duncan Holaday 
This subcommittee has been organized. The U.S. Public Health Service is 
doing research on miners in uranium mines, and it is hoped that this re- 
) search can be considered by the subcommittee. 
“fue N7.2, Safety Standards in Uranium and Thorium Refineries 
Chairman: Mont Mason 
a This subcommittee is in the process of being organized. 


hich 
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N7 continued 
N7.3, Isotopic Separations 
Chairman: Dr. Hugh F. Henry 
discussions it has been determined that there are three unclassified docu- 


ments concerning health and safety of a gaseous diffusion plant which the 
subcommittee plans to consider. 


This subcommittee has not held a formal meeting, but through informal 
N7.4, Health Physics of Fuel Element Fabrication , 
Chairman: James Harte 
This subcommittee has not yet met. 
N7.5, Health Physics for Reactors 
Chairman: Joseph Fitzgerald 
, 
This subcommittee hopes to start work soon on the subject on transportation, 
The sectional committee has held two meetings. The first, in September 1957, was 
for the purpose of organization and development of a scope. The second, in De- 
cember 1957, produced some results. It was decided to go outside the membership 
of the sectional committee in order to obtain the technical knowledge to draw up 
health protection standards for uranium and thorium mines. 


The N7 Sectional Committee also coordinates the national point of view on Sub- | 
committee 2, Radiation Protection, of the International Project on Nuclear Energy, | 


Uoury de Retuuh- | 


Henry G. Lamb, Secretary 
Nuclear Standards Board 


| 
| 
| 
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STATEMENT ON INDUSTRIAL PARTICIPATION IN WASTE DISPOSAL 


PREPARED BY THE OFFICE OF THE ASSISTANT DIRECTOR FOR 
COMMERCIAL ACTIVITIES, DIVISION OF REACTOR DEVELOPMENT, 
U. S. ATOMIC ENERGY COMMISSION 


Provision for the safe disposal of radioactive waste material is a 
necessity for the development of an atomic energy industry. The very real 
potential dangers associated with such waste and the public awareness thereof, 
have combined to make the need for this service on a completely safe basis 
practically a precondition for the existence of our industry. 

The AEC is charged with the responsibility of enforcing such standards 
of safety in waste disposal activities as are appropriate for the protection 
of the public. While the exact standards and operating procedures will differ 
from operation to operation, depending upon the type and amount of waste in- 
volved, as well as other factors, there are two broad categories into which 
all waste disposal activities can be divided. The first category covers the 
disposal and custody of radioactive waste material of such nature and quantity 
that there exists a long term problem of custodial care and protection of the 
public. (For the purpose of this statement it is assumed that long term means 
a period of 10 years or more.) The second category covers waste disposal 
activities in which there is no such long term problem, and which do not re- 
quire long term custodial care by the disposer. 

This distinction between waste disposal operations which do and do not 
have a long term hazard associated with them and require custodial care by 
the disposer is particularly important from the point of view of industrial 
participation. The factors which must be considered in licensing a waste 
disposal operation differ greatly, depending upon the existence of a long 


term hazard. For instance, if a waste disposal operation does not involve 


a long term hazard, the AEC, can and does license the disposal activity 
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solely on the basis of such factors as nature of the site, method of 
packaging, disposal and the like. Examples of such waste disposal operations 
which belong in this category are sea disposal, as currently authorized, and 
the various small and non-commercial burial operations currently licensed 
under AEC Regulations Part 20, pa disposal is included in this category be- 
cause, even though there is a potential long term hazard associated with it, 
the disposer will not be required to exercise any custodial care over the 
material which he has abandoned. Surveillance of sea disposal areas is a 
proper function of the Federal Government. 

The situation is different for waste disposal operations which do in- 
volve a long term hazard and would require long term custodial care by the 
disposer. These would include most commercial waste burial operations on 
land. There the concern of AEC is not merely focused on the short term 
problem of packaging and disposal, but also on the long term problem of 
custody of the material and site, as a necessary measure for the protection 
of public health and safety. To guard against this long term hazard, steps 
must be taken for instance, to insure the continuity of custodial care of a 
burial site, to prevent abandonment, and perhaps even to provide for some 
financial protection if the hazard contained there is great enough to threaten 
injury to third parties. 

These steps would present no problem if the burial site involved is a 
Government-owned facility, for the Government's operation would probably 
continue as long as the hazard exists and thus the protection of the public 
would be assured. 


A problem would exist, however, if such an operation were privately 


owned and licensed, for here one cannot assume that custody would continue 
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as long as the hazard exists. The AEC, before licensing such an operation, 
could require some assurance that the property would not be abandoned, and 
that custody would be maintained for as long as the hazard exists. But 
giving such assurances would be no simple matter. The period for which 
custody of a facility will be required may be a hundred years or more, and 
to furnish a guaranty that the company involved would remain in existence 
for all this time and perform its job would raise all sorts of legal and 
administrative difficulties. 

But assuming that these difficulties could be overcome and that all the 
assurances that could reasonably be expected are given, there would still be 
no certainty that private operation of a waste disposal facility would con- 
tinue for all this time, the guaranties notwithstanding. First, there is a 
strong economic incentive for a company to pull up stakes as soon as all 
burial space is filled, because at that point the facility has really lost 
its economic usefulness. Second, there are many unforeseeable events that 
could occur over a span of 50 to 100 years or more, and which might induce 
the company to discontinue this operation in spite of guaranties given or 
promises made. If this were to happen, the Federal Government could not 
stand idly by and permit the public to remain unprotected. Instead, I would 
expect the AEC to step in and assume responsibility for the operation of this 
facility. 

Such a step would make explicit something which has been an underlying 


assumption throughout, namely, that the Federal Government has the long term 


responsibility for the custody of radioactive waste material, even if the 
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waste involved was part of a privately owned and operated facility. This 
long term responsibility is natural in view of the fact that the activity 
which generated the waste material was licensed and even encouraged by AE, 
and therefore this responsibility can be considered as inherent in any waste 
disposal operation which has a long term hazard associated with it. The 
question arises, in view of this long term responsibility on the part of the 
Federal Government, to what extent private industrial participation should 
be encouraged in this field. The AEC, in line with the language of the Atomic 
Energy Act, has consistently encouraged private industry to enter all phases 
of the nuclear industry; in fact, the AEC has committed itself to discontinue 
any service to private industry, if such service can be performed adequately 
by private industry. But encouragement of private industry participation in 
waste disposal activities would not really relieve the Federal Government of 
any responsibility in this field; it may merely postpone the time when the 
responsibility must be assumed by AEC. The question of industrial partici- 
pation in the field of waste disposal, when stated realistically, is not 
whether AEC should turn over this field to private industry; it is rather 
whether encouragement of private industry's activity is worth the effort if 
the result is merely to secure private industry operation for some limited 
period. On that basis, it has been suggested that a private company might 
operate a waste disposal burial ground for 10 to 20 years and then turn it 
over to the Federal Government for future operation and custody. 

While such an arrangement would meet some of the requirements of in- 
dustry participation, it would accomplish this not without serious disad- 


vantages. The first and most serious of these is one already mentioned, 
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namely, that private industry cannot permanently relieve the Federal Govern- 
ment of responsibility in this field and that, therefore, our efforts are 
merely for the sake of postponing the date when AEC would have to take over 
such facilities. Second, from the point of cost, it is likely that temporary 
private ownership and control may eventually result in higher Government costs 
since private ownership will probably continue as long as the facility pro- 
duces significant revenues. The cost which the Government would later incur 
in operating and caring for abandoned facilities, might be relatively higher, 
since there would be little chance of contributions from users. Third, the 
Federal Government, in meeting its obligation of long term responsibility in 
this field, may at times be faced with operational problems of some complexity 
since it would be forced to take over facilities in whatever physical state 
they might be. Finally, in order to prevent the proliferation of radioactive 
burial grounds, some steps would have to be taken to limit the number of such 
sites. 

Given these conflicting considerations on the subject of industrial 
participation in waste disposal, it is difficult to generalize and say 
definitely that such private participation will or will not be encouraged by 
the AEC. The AEC, is fully aware of the many companies and individuals who 
have expressed an interest to enter this field on a commercial basis, and some 
of them are already engaged in some phases of waste disposal, like sea disposal. 
But frankly, at the present state of knowledge, it is our current view that 
private ownership of burial sites is not in the public interest. We are 
particularly conscious of the importance of a waste disposal service being 
available, on a completely safe basis and at a reasonable cost, to all members 


of the atomic energy industry. We also believe that the assured existence of 


such a service can do much to stimulate a private atomic energy industry. 
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Waste Disposal for the Dresden Nuclear Power Station 


By 


T.G. LeClair, Manager of Research and 
Development, Commonwealth Edison Company 


The hearings by the Joint Committee on the subject of waste 
disposal are most timely. They should furnish a perspective on the 
nature of atomic wastes and how they should be handled to avoid be- 
coming a problem. 

I assume that my invitation to present a statement to this 
Committee was based on my connection with the Dresden Nuclear Power 
Project, the largest all-nuclear power plant now under construction 
in this country. Its wastes should be typical of the wastes from 
most water cooled heterozeneous reactors. 

As this Committee has been informed in testimony by Willis 
Gale, our Chairman, the Dresden plant is being constructed under a 
$45,000,000 fixed price contract by General Electric Company. There- 
fore, the full responsibility for the design and for the provision 
of all necessary means to dispose of waste are those of General 
Electric. We believe that General Electric has provided this plant 
with every reasonable safety feature so that there will be no question 
of any radioactive waste endangering either the operating personnel 
or the public. 

I propose to discuss what Commonwealth is providing in the 
way of precautions and trained operating personnel. I would like, 
however, to do this against a brief background on the broad waste 
disposal problem which is by no means a new one to the electric 
utility industry. 


Waste from All Activities 


Advancing civilization brings with it an ever increasing 


problem of waste disposal. All of us are contributors to a greater or 





er or 
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lesser degree, whether it be from our backyard trash burners, our 
home heating plants, our automobile, commercial wastes, or from in- 
dustrial processes. Even wind generated pollutants are man-made 
also, if you recognize that the open fields stem largely from man 
clearing away forests and plowing up the prairies. Certainly the 
fallout from atomic bomb tests is a man-made by-product. 

All of this is part of the price we pay for progress. These 
wastes we have created are the by-products of the activities that 
support our economy and increase our standard of living. The general 
problem then, as I see it, is to keep these wastes at levels we can 
live with. It is necessary to appraise and reappraise the situation 
from time to time, and provide control measures to make certain that 
these pollutants are maintained at a tolerable and safe level. As an 
example, certain urban areas, because of the heavy concentration of 
industry and local atmospheric conditions, have had to take intelligent- 
ly planned and coordinated steps to control air pollution in recent 
years. Among those communities which have taken very aggressive steps 
in this direction are Los Angeles, Pittsburgh, and Chicago. Certain- 
ly it is appropriate at this time to appraise the pollution potential 
of nuclear power installations. 

Waste from Fuel is Not New 

To see the atomic waste problem in its proper perspective, I 
would like to draw a few comparisons between the wastes from fossil- 
fueled and nuclear power plants. The wastes from conventional plants 
are in the form either of solids, liquids, or gases. These same 
forms of waste appear in the operation of nuclear power plants but 
the magnitude]jand the importance of the problems in the two types 


of plants are far different. 
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Fossil vs Nuclear Wastes 

Solids. In the year 1956 the electric power industry 
consumed in fossii fuels (coal, oil and gas) the equivalent of about 
45,000 train loads of coal - assuming one hundred 50-ton cars per 
train. The power produced was a little over 478 billion kilowatt- 
hours. About 83@ by weight of these fuels remained, after burning, 
as waste in the solid forms known as slag, fly ash, or cinders. 
This meant that the industry needed to dispose of 4,000 train loads 
of solid waste. , 

If the entire electrical output of this country had been 
obtained from heterogeneous reactor plants with a burnup of 10,000 
megawatt days per ton of uranium used, the total amount of nuclear 
fuel throughput would have been less than one-half a train load. 
Practically all of this would remain contained in the spent fuel 
elements iitdecenm ts considered solid waste material. Even so, the 
volume of waste from the nuclear fuel would have been less than one 
hundredth of one percent as much as from fossil fuels. 

Let us take a closer look at the hazard features of waste. 
Wastes from fossil-fuveled plants in the solid form are relatively 
inert and consequently the disposal problem is almost entirely one 
of bulk. The radioactive wastes, on the other hand, are extremely 
dangerous and it is important that every precaution be taken to 
insure that the public's safety be preserved. I believe that if we 
continually recognize this problem, we have nothing to fear from the 
solid waste disposal problem. The spent fuel will, in most cases, 
be chemically processed to separate plutonium and other by-products. 
Even if the by-products from the spent fuel are not all utilized 


for new processes, the volume is so small it should be perfectly 
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practicable to store the residue indefinitely in leak-proof vaults. 
Using Dresden as an example, a fraction of the site area would 
store the solid waste from 100 years of operation. 

Liguids. Liquid wastes are not large in volume from either 
the fossil-fueled or nuclear-fueled power plants. The fossil-fueled 
plants produce only ordinary sewage and a relatively small amount of 
waste obtained from blowing down boilers, cleaning up equipment, and 
from the spent solutions used for regenerating demineralizer systems. 

Liquid wastes from nuclear plants are also relatively small 
in volume but, because of the possibility that radioactive materials 
can be dangerous when dissolved, or suspended in water, it is essen- 
tial that they be continuously monitored and either diluted to 
tolerable limits or concentrated so that they can be stored the same 
as the solid wastes. 

Gases. Gaseous wastes present a very interesting contrast. 
Many people do not realize, because of the proper precautions having 
been used over the past half-centruy, that tremendous volumes of 
gaseous waste are produced from the burning of fossil fuels. One 
ton of coal will produce about 3 tons of carbon dioxide gas. The 
stacks of power plants in this country in the year 1956 released over 
600 millions of tons of carbon dioxide into the atmosphere. Carbon 
dioxide is harmful to man if concentrated. On the other hand, when 
properly dispersed, it is the life-giving substance to the vegetable 
foods which we consume. Other gaseous wastes, such as water vapor, 
sulfur dioxide, and a variety of other chemicals again do not become 
a problem so long as they are properly diluted. The high stacks on 


modern power plants have proved to be the most successful means of 


dispersing gases. 
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The nuclear power plant, by contrast, produces an extremely 
small amount of gaseous waste, most of which is confimed within the 
cladding of the fuel elements. The balance, even though potentially 
dangerous, is in such minute amounts that with proper monitoring and 
hold-up it can be dispersed into the atmosphere with perfect safety. 

I draw these comparisons, or contrasts merely to give the 
Committee the full understanding that waste is not a new problem and 
that the volumes of waste from nuclear plants are infinitesimal 
compared with those from other industries. By recognizing that 
radioactive wastes are extremely hazardous and by exercising proper 


it is my feeling 
care in handling them,/industry can multiply its needs for power 


many times without encountering an inherently serious disposal problem, 


Handling Wastes at Dresden 
Let us come directly to the Dresden project. While this 


180,000. kilowatt project seems large today, I expect it to be a 
small beginning to a fast growing nuclear power industry. 

At the present time the handling and disposition of radio- 
active wastes does not appear to present any insurmountable difficul- 
ties. The Dresden Station waste handling facilities' design features 
and operational procedures are given in the attached Appendix. 

Proper operation of these facilities will result in the release of 
radioactivity to the environs in amounts that will normally not 
exceed 10% of the AEC maximum permissible limits. 

What about the responsibilities of Commonwealth Edison as 
the operator of the plant? First of all, there is an elaborate 
operator training program and licensing procedure. All those persons 


responsible for the operation of the plant will be trained to have an 


understanding of all materials in the plant and how to handle them. 
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In addition, the organization setup provides thst one supervisor 
shall be responsible for the disposal of wastes and the checking of 
radioactivity conditions about the plant. Also, there will be at 
least one man on duty on every shift regularly checking radiation 
levels in areas where radioactive wastes couli appear. 

Surveys have already begun on the surrounding off-site 
area to determine the background levels of radiation and will cover 
at least a year's time before the plant goes in operation. Very 
thorough surveys will be made of the air, well and river waters, 

ezetation, soil, milk, and even of fish life to determine back- 
ground levels. After the plant goes into overation, these surveys 
will be continued in order to have a double check on the monitoring 
equipment and its operation within the plant. In short, Commonwealth 
Edison is preparing fully to discharge its obligetions and respon- 
sibilities on the treatment of the waste problem. 

Dresden Station has been designed on the assumption that 
spent fuel will be sent to fuel processing plants. Handling at 
that point will be discussed by other authors. All other solid and 
concentrated liquid waste will be stored on the plant property 
indefinitely. The volume is estimated to be so small and the safety 
and security precautions so good, there should be no reason to fear 
any possible contamination to the plant personnel or the public. 

It is also believed that the hazards, if any, from storing on the 
site should be substantially less than the possible resulting hazards 
from shipping these wastes to some remote storage point elsewhere 

in the country. 

Governmental Control 


The Sanitary Water Board of the State of Illinois has 


required that we obtain a special permit to discharge any liquid 
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waste into the Illinois River. This permit was issued March 17, 1958 
after that agency hai examined in detail all the plans for disposal 
of any possibly radioactive wastes. The permit provides for 
definite requirements on radiation levels and dilution. Copies of 
the permit have been supplied to the Committee. The AEC retains 
detailed control over waste disposal practices as a part of its 
procedure under our application for a facility operating license. 
Our Hazards Summary Report outlines in detail in Section "G" the 
design of the radioactive waste disposal system. This report was 
submitted to the AEC on September 3, 1957, and is now on file in 
the Public Document Room. 

The last section of the report which has been filed with 
AEC as a part of our application for a facility operating license 
is the Operating Procedures and Emergency Plan. Section "L" of this 
report is titled "Waste System Operation" and outlines the procedures 
which the Company will follow to insure that the release of the 
radioactive waste is always below the limit set by the AEC. 

A repetition of a description of the design features is 
unnecessary here, but my overall opinion is that the long term waste 
iisposal from Dresden will present fewer problems than waste disposal 
from a coal-fired plant of the same size. 

Economic Comparison 

A preliminary cost comparison between the waste handling 
facilities at Dresden and that at a conventional coal-fired senerat- 
ing station was made. The capital investment cost comparison did 
not present much of a problem but due to the many possible variables 
in the operation and maintenance of the Dresden waste handling 


system, the operation cost comparison did. 
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The investment cost of the fly ash and slag handling 
equipment of a conventional coal fuel plant of about the size of 
Dresden is approximatély $5.50 per KW of capability. The following 
equipment was included in this cost figure: precipitators, fly 
ash removal and temporary storage facilities, and the slag and pyrite 
handling system. The best figure of the investment cost of the 
weste haniling facilities being installed at Dresden is $2,400,000 
or $13.25 per KW of capability. The above cost figure included the 
‘equipment listed below. 

1. Waste collection system. 

Tanks, pipinz, pumps, instrumentation, concrete 
vaults and shielded piping tunnel. 

2. Waste treatment and storage facilities, radwaste 
building and all equipment, waste storage vaults, 
and liquid waste hold-up tanks. 

3. Ventilating and process gas systems stack, temporary 
gas storage lines, supply and exhaust fans, ductwork, 
and controls. 

%. Monitoring equipment. 

Process radiation monitors, portable monitoring 
instruments, and environs monitoring instruments 
and facilities. 

The above investment cost figures show that Dresden waste 
haniling facilities cost 2.4 times that of a conventional coal-fired 
plant. 

The operating cost of fly ash and slag haniling at a 
onventional plant averages $0.16 per KW capability per year. This 
figure includes the cost of moving the products from their respective 


hoppers at the boiler to permanent yard storage or loading on cars 
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for removal from plant. The best estimated operating cost figure Col 
for the Dresden waste handling points to $0.25 per KW of capability 
per year. This figure includes sampling and analysis, transfer of he 
wastes from point of collection or source to radwnaste building or 
burial vaults and final disposition. A pessimistic estimate of 
one maintenance man full time on day shift is also included. 
If the environs monitoring program is considered part of 
the waste handlins operating cost at Dresden the figure would be 
increased from $0.25 to $0.38 per KW of capability per year. 
This comparison indicates that Dresden operating cost for 
waste handling will be about 2.4 times that of a conventional plant. 
National Record 
There is evidence that proper safety precautions have paid 
off during the 13 or more years of operation of the present atomic 
energy industry. AS you know, these installations have been operated 
primarily by universities and industrial companies for AEC. The 
methods developed for the safe handling of radioactivity at labora- 
tories, on research and experimental reactors, and in the operation 
of the plutonium production plants have resulted in an enviable 
safety record. Workers in these installations have averaged an ex- 
posure of less than 1/3 of the radiation allowed by strict safety | ‘ 


Standards. Also, in all these years of operation no member of the 





public is known to have suffered an overexposure to radiation as a 
result of living near atomic energy production or laboratory centers. 
Management of future projects should be in the hands of 


responsible organizations who will be able to continue this safety 


record. 
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Conclusion 

May I suggest the following conclusions from the material 

here presented: 

1. Most wastes from heterogeneous nuclear power 
plants are contained in spent fuel to be processed 
in plants similar to those now successfully 
operating. 

2. The design and operating precautions taken in the 
earliest nuclear power plants have resulted in 
adequate safety at comparatively hign cost. It 

. is hoped that operating experience will reduce 
these costs. 
d 3. Wastes which cannot be safely dispersed should 
be stored at the site instead of attempting to 
ed ship them to a remote point, at least until 
experience indicates otherwise. 

4. Nuclear wastes present no immediate cause for con- 
cern. The industry has an enviable.safety record 
and is conscious of the need to continue it. 

With normal development of nuclear power, waste disposal 

should be no more, and perhaps less, of a prohlem than wastes from 


fossil fuels. 


’ 
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APPENDIX 
DRESDEN STATION 
Design and Operation of Waste Systems 


The basic objective of the design of and operating pro- 
cedures set up for the Dresden waste handling system is that routine 
disposal of radioactive wastes must not result in exposure of any 
person on or off the plant premises to radiation in excess of the 
maximum permissible limits. Actually, sufficient conservatism has 
been included to assure that the average off-site exposure will be 
considerably below the permissible limits (about 10% of the maximum 
permissible limits). 

In addition, the system must comply with AEC licensing 
regulations and the State of Illinois Sanitary Water Board regulations. 

The radioactive waste to be handled at Dresden Station 
will be present in three forms: (1) solids, (2) liquids, and 
(3) gases. 


Dresden Solid Wastes 

The solids can be divided into two catagories - (1) those 
shipped from the site and (2) those retained on the property. 

1. The spent fuél would be considered as solid waste. 
At the present time, it is estimated that on the average 129 fuel 
assemblies (about one-fourth the core loading) will be replaced 
every year. The 129 fve] assemblies weigh approximately 24 tons 
and will be shipped to the AEC Hanford site for reprocessing. The 
ultimate handling of the radioactive fission products is given in 
the Hanford presentation by Mr. H. Parker. 


2. Facilities are provided on the site for burial of all 


other solid wastes in watertight concrete vaults. Eight hundred to 
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thirteen hundred cubic feet of solid wastes are expected each year. 
Six to nine hundred cubic feet of this amount will be contaminated 
ion-exchange resins from the condensate clean-up, reactor clean-up, 
and waste treating system demineralizers. The resins will be dis- 
charged from the demineralizer tanks remotely by sluicing to a 
stainless steel tank contained in an underground concrete vault. 
Leakage from the resin storage tank will be noted by a leak detec- 

tor in the concrete vault sump, 

The other two to four hundred cubic feet of solid waste 
will include rags, oaver, water and gas filters, and unsalvagable 
equipment. This solid waste will be compressed by baling where 
possible and buried in a separate 1290 cubic foot underground con- 
crete vault. 

The estimated radioactivity of these solid wastes is from 
four to eight thousand curies per year. Practically all of this 


radicactivity is expected to be contained in the ion-exchange resins. 


Liquid ‘astes 
The radioactive liquid wastes will be handled by one or, 
if needed, two consecutive procedures out of the four possible metnods 
being designed and built into the waste disposal facilities. Tne four 
systems are: 
l. Controlled discharge to the Illinois River via the 
cooling water discharge flume. 
2. Natural radioactive decay and suSsequent discharge 
to the Illinois River. 
3. Filtration and subsequent demineralization. 
4. Concentration and storage on the plant property. 


The liquid wastes will be handled batchwise and the particular 


method used for each batch of waste will deoend on the water quality and 
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radioactivity level of the waste as determined py analysis of sample. 
The liauid wastes exvected at the Dresden plant can be 
divided into two types: (1) that which can be sa‘“ely discnarged to 
the Illinois River and (2) that wnicn will be retained on the 
Dresden site. 
1. Approximately 1.1 million gallons of radioactive 
liquid waste will be discharged safely to tne river each year. One 
million gallons of this amount will come from the secondary side of 
the secondary steam generators. The balance will be mace up of 
laboratory and laundry waste solutions. The activity level of these 
liquid wastes will be low. These wastes will be mixed at a controlled 
rate with the condenser cooling water leaving tne site so that the 


activity level will normally not exceed 10 per cent of the maximum 


permissible concentration (M°C) for the individual radioisotopes present, 


The radioactivity concentration of these liquid wastes is 
expected to be very low and only about 1.6 curies of activity is 
expected to be discharged to the river per year. 

2. All other radioactive liquids will be retained on the 
site. About 1.5 to 2 million gallons of low total solids and low 
radioactivity level water will be treated by filtration and deminera- 
lization and stored in a 200,000 gallon aluminum storare tank. This 
high quality water will be recycled in the reactor system as make-up 
water. 

Other liquid wastes with “igh total solids and either low or 
high radioactivity levels will be neutralized if necessary and concen- 
trated by evaporation. This type of liquid waste will include tne 


regenerant solutions from the condensate demineralizer system and de- 


contamination and laboratory waste solutions and is expected to amount 
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to 200,000 gallons ver year. The concentrated solution will be 
stored in a steel tank in an underground concrete vault. 

Approximately 1200 curies of radioactivity may be con- 
tained in this concentrated solution. 

35. Gases 

The radioactive gaseous wastes from Dresden will be 
nandled and controlled by three methods: (1) dispersim by dis- 
charging from the 300 foot stack, (2) temporary hold-up to allow 
natural decay time and subsequent filtration before being dis- 
ciarged from the stack and (3) filtration before release from local 
stacks. ‘+he radioactivity concentration of the gases being dis- 
charged from the stack and from the air ejectors will be continu- 
ously monitored in the hold-up piping and in the stack as a means 
of controlling emission of waste cases from the plant. 

Approximately 60,900 cfm of ventilating air from the 
reactor enclosure and the turbine buildi:g will be discharged from 
the 300 foot stack. This air is normally safe to discharge to the 
environs because the only radioactivity will be due to particulate 
matter such as dust. 

The process waste cases amount to about 400 cfm and the 
radioactivity is present as ol9, n16, nl7, and H®°, About 300 cfm 
are discharged from the gland seal condenser into hold-up piping 
before being discharged up the stack. The other 100 cfm will come 
from the main condenser air ejectors. This gas flow will be con- 
tinuously monitored wnen discharged into similar hold-up piping 
and filtered before being discharged to the 3500 foot stack. In the 
stack both of these waste gases will be mixed with the ventilating 


airs from the reactor enclosure and turbine building. 
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Approximately ten curies of activity are expected to be 
discharged from tne stack daily from the above sources of gaseous 
waste, 

Any fission fas release from the system would be due to a 
fuel element cleiding failure. Th:se fission gases would normally 
be discharged in the condenser air ejector gas flow and be identi- 


fied ny the continuous activity monitor on the gas flow. ‘hen the 


activity level of this gas flow reached 8 x 10° micro curies per 


second a valve at te discharge of the hold-up piping will auto- 
in 
matically close resultinrc/the shutdown of the reactor through the 


high condenser pressure safety channel. 

Vantilation air from other buildings on the site is ex- 
pected to be avproximately 40,900 cfm and will be filtered and 
monitored ahead of its discnarge through local stacks. The radio- 
activity of this air is expected to be present as particulate 
matter which will be filtered out and no activity is expected to 
be discharged to the environs, 

Correct operation of the waste handling and disposal 
facilities at the Dresden plant will be checked by an on-site and 
off-site environs monitoring program. This program has heen ini- 
tiated and will have been in operation about one year before full 
power operation of the plant to obtain background data, 

By continuing this environs monitoring program during 


overation a good check on the effective operation of the waste 


handling facilities will be available. 
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RADIOACTIVE WASTE DISPOSAL PRACTICES 
FOR 
THE ATOMIC POWER EQUIPMENT DEPARTMENT 
GENERAL ELECTRIC COMPANY 


SAN JOSE, CALIFORNIA 


by 
A. Sadowski 
M. Smith 
C. Thorburn 
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ABSTRACT 


A brief description is given of the sources of radioactive waste and methods 

of handling wastes by the Atomic Power Equipment Department of the General 
Electric Company. No serious problems in waste disposal from fuel manufacture, 
boiling water reactor operation or from the laboratory components have developed. 


The estimated quantities and costs are outlined along with a brief discussion 


of possible cost reductions. 
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The Atomic Power Equipment Department of General Electric Company, representing 
the Company's efforts in the development of commercial nuclear power, stresses 
a high degree of control for wastes originating at its own facilities and in 
power plants being designed and built for others. 


The Department recognizes that safe methods for disposal of radioactive waste 
are an important responsibility of industries using radioactive material. 

Waste disposal programs must insure that solids and effluent gaseous and liquid 
concentrations are within the permissible limits established by the best avail- 
able information for the constituents of the waste. 


WASTE DIPOSAL METHODS 


The Department's facilities are located at two principal sites in the San Francisco 
Bay area. The engineering and manufacturing facilities are located in San Jose, 
several miles south of the southern extremity of the San Francisco Bay. The 
laboratory facilities are located at Vallecitos in the hills some twenty miles 
northeast of San Jose. These sites include a very large variety of potential 
waste disposal problems; however, through careful design and established operating 


procedures, quantities of radioactive materials released to the environs are ex- 
tremely limited. 


In San Jose, the radioactive waste disposal problem is associated with uranium 
fuel development and’manufacture. All liquid waste originating in the fuel 
facility and several small laboratories is received in a hold-up tank. Trace 
quantities of uranium contained in these waste streams are essentially removed 

by flocculation with either calcium or iron hydroxides. After precipitation and 
removal of the solids, the waste batch is sampled and analyzed for uranium content, 
Release to the municipal sewage system is permitted only when the concentration 
found by analysis is less than 10% of the public drinking water limit for uranium 
established by the United States Atomic Energy Commission. 


All effluent air from radioactive materials areas in the San Jose site is dis- 
charged through high efficiency multiple stage filters to reduce the uranium 
concentration in the air below detectable levels. Solid wastes, which include 
filters, contaminated equipment, etc. are removed by a waste disposal firm 
licensed by the United States Atomic Energy Commission. 


Samples of air, vegetation, soil and water of the environs surrounding the General 
Electric plant and from the San Jose City Sewage Treatment Plant are taken 
routinely to assure that no uranium has been dispersed. 


The principal nuclear facilities currently in operation at the Vallecitos 
Laboratory site are: 


1) The Vallecitos Boiling Water Reactor 
2) The Experimental Physics Laboratory 
3 The Radioactive Materials Laboratory 
4) The General Electric Test Reactor 


All waste water released from the various laboratory facilities which is contami- 
nated with radioactive materials or is potentially contaminated is either 
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1) removed from the laboratory site by a United States Atomic Energy Commission 
licensed waste disposal contractor or 2) released into one of two retention 

basins for analysis preparatory to discharge into Vallecitos creek. The reten- 

tion basins are of reinforced concrete construction, each of 50,000 gallon capacity. 
When one basin is filled, it is isolated from the system and a sample is analyzed 
for radioactivity content. When the quality of the water is found to be accept- 
able for discharge, it is released into the creek. The Laboratory Staff works 
closely with the Bay Area Regional Water Pollution Control Board Staff in ascer- 
taining suitability for discharge. To date, no radioactive contaminatim from 

the Vallecitos operation has been released via this outlet. 


In the Vallecitos Boiling Water Reactor, experimental fuels are irradiated under 
conditions which would be encountered in normal power plant use. The Pacific 
Gas & Electric Company has constructed and operates an associated turbine- 
generator to generate commercial electric power during the operation of the 
reactor. Sources of liquid waste from this facility include any necessary 
drainage from the boiling water reactor and the steam system itself, periodic 


replacement of recirculated cooling tower water, and other miscellaneous building 
drainage. 


Wastes from the reactor system itself are purified by use of mixed bed demin- 
eralizers. In some cases, the activity of waste liquids can be reduced to 
essentially zero by short term decay storage. 


The waste water system consists of the reactor enclosure and turbine area sumps, 

a hold-up sump, and the waste water filter and demineralizer. Waste from the 
reactor and turbine sumps flows into the main hold-up sump. A sample is taken 

at this point and analyzed. If treatment is required, it is circulated through 
the waste demineralizer and filter until the radioactivity is removed. Water 

may then be discharged to the concrete retention basins with other laboratory 
wastes for analysis and discharge to Vallecitos creek. Methods are also available 
to remove wastes to a tank truck for off-site disposal, but this has not been 


necessary to date since primary means of controlling contamination have been 
successful, 


The condenser cooling water circulated through a cooling tower presents an 
interesting sidelight to the radioactive liquid waste disposal problem. Water 
coming to the laboratory from the Hetch Hetchy Aqueduct system contains trace 
quantities of naturally occurring radioactive material and fallout from weapons 
testing. In the use of this water in the cooling tower, a high degree of con- 
centration of the salts in the water takes place. Thus, naturally occurring 
radioactivity in water can lead to concentrations which exceed the normal disposal 
limit. This problem is immediately apparent at a plant where wastes are tested 
for radioactive materials, but this particular phenomenon occurs at any place 

&@ cooling tower is operated. 


In the Physics laboratory, radioactive liquid waste problems are minimal. In 
critical assemblies used primarily for testing reactor fuels, water is present 
as a moderator. This water is replaced infrequently, but its usage is such 
that essentially no radioactivity is induced. This is confirmed by sampling 
and analysis prior to release to a dual retention basin system. If the water 
were contaminated it would be removed by tank truck. 


tin 
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A principal use of the radioactive materials laboratory is to perform tests 
on irradiated fuel elements. Small quantities of highly radioactive liquid 

wastes are generated in this facility. Where the volume is small and the radiation 
level high, the liquid waste is solidified and handled subsequently as an item 

for solid waste diposal. Large volumes of radioactive wastes are received in 

a series of catch tanks in the laboratory basement. Currently this waste is placed 
in a tank trailer for removal from the site by a licensed contractor. Other mis- 
cellaneous waste streams from this laboratory, which should contain no radio- 


active material, are discharged to the concrete retention basin system and tested 
to assure safety. 






































The General Electric Test Reactor just began operations. Potential waste problems 
are similar to that of the boiling water reactor in that reactor water and cooling 
water are the chief potential sources for waste volume. Similar handling and 
treatment methods will be used. Liquid wastes from the plant, other than the 
cooling tower wastes, are drained or pumped to one of three retention tanks. 

These tanks have a 25,000 gallon capacity to provide retention for the maximum 
expected volume of liquid wastes. The storage or retention tanks are divided 

into a "non-usable" and a "re-usable" system. Radioactive and other possibly 
suspect drains discharge to the non-usable retention tank. The usable retention 
tanks take low-level radioactive overflow or scheduled drainage from the reactor 
and pool cooling systems when it has been proven that these liquids are not 
radioactive. Water from the usable tanks is returned to the demineralized water 
storage tank via the pool cleanup demineralizer. 





General Electric has also supplied a number of open pool test reactors for 
various foreign governments and domestic universities. While we do not have 
such a facility at the Vallecitos Laboratory, we have established temporary 
provisions for testing cores of these reactors prior to shipment. Again, liquid 
waste problems are limited primarily to low level activity in reactor cooling 
water. Particularly in the case of the pool reactor, most of the significant 
activities have a relatively rapid radioactive decay. 


All solid wastes generated by the Laboratory operations are carefully packaged. 
A waste disposal contractor, licensed by the United States Atomic Energy Com- 
mission, removes the wastes if the radiation levels are sufficiently low for 
safe transport over the highways. 





Some solid wastes are too radioactive to remove from the site due to the un- 
reasonably large amount of shielding which would be required during transportation. 
Therefore, a radioactive waste storage facility consisting of a horizontal tube 
arrangement shielded by concrete on the ends and earth fill on the top and sides 
was constructed. Waste is entered into the receiving end, and waste with re- 
duced radioactivity, as a result of the natural decay process, is removed from 

the discharge end. Hold-up time for radioactive waste decay may require a few 
years. An associated storage area consisting of 2.5 feet diameter drainage 

pipes buried vertically in the soil is also available for storage of filled 55 
gallon drums. After sufficient decay these materials are removed by the waste 
disposal contractor. 





Air contaminants fall into two broad categories; particulate and gaseous. Where 
needed, decontamination of the air is effected through highly efficient multiple 
stage filtration which reduces the particulate contamination to low levels. 
Where necessary, radiogases which decay rapidly are retained in a tank for a 


short period of time until quantities of radioactivity are reduced to acceptable 
levels. 
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At all locations where air which may reasonably be expected to contain radio- 
active contamination is discharged from the laboratory buildings, the exhaust 
air is monitored continuously. If traces of contamination pass through the 
filters the ventilation system can be stopped until repairs are made. The 
monitors consist of two stages; one measures and records the accumulation of 
particulate and filterable radimctive material; the other measures and records 
concentrations of gaseous and non-filterable radioactive materials. 


In addition, the Laboratory site is surrounded by four environmental monitoring 
stations. Each station continuously measures and records variance in the total 
radioactivity as detected by a Geiger counter, and also measures and records 
accumulation of radioactivity on a filter, throughwhich atmospheric air is con- 
tinuously drawn, These stations have not indicated radioactivity above normal 
background levels at the periphery of the Laboratory site as a result of 
Laboratory operations. This survey program is further supplemented by the 


radioanalysis of samples of soil, vegetation and water from the environs of the 
site. 


The waste diposal systems outlined above provide the control which is necessary 
to meet health protection requirements. Continued maintenance of high health 
protection standards is expected in the future. No unusual or serious problems 
have been encountered and no new problems are anticipated that cannot be solved 
by usual engineering methods. 


ECONOMICS OF WASTE PROGRAM 


The San Jose facility, which manufactures reactor fuels, generates approximately 
1500 gallons of potentially contaminated liquid wastes a week. In general, the 
contaminant consists of small suspended UOp particles from the laundry operations, 
floor mopping, etc. which are easily separated by the floccing process. Chemicals 
for the operation cost less than $1/week and an additional two hours/week of 
laboratory technician's time is required for analyses. Excluding amortization 

of the floc tank and associated pumps and equipment, treatment costs about 5¢ a 
gallon including overhead costs. The floccing equipment costs $7500 and with a 
six year amortization, the additional cost would be 1.6¢/gallon. 


The solid waste volume at San Jose is approximately 800 cu ft/month and costs 
$6.10/cu ft. of volume for removal by the waste disposal contractor. 


At Vallecitos, the radioactive materials cannot be economically separated from 
some of the liquid wastes, particularly those from the radioactive materials 
laboratory and associated chemical operations. These are the wastes that have 
been accumulated in tanks and are removed by the waste disposal contractor in 
truckload quantities. The average quantity of liquid waste removed during 1958 
was 2300 gallons per month. The cost of liquid waste diposal ranges from 30¢ 
to 50¢ per gallon. The cost of storing the waste until removed is not included. 


The average quantity of solid waste removed from Vallecitos during 1958 was 279 


cubic feet per month and the cost of disposal varied from $3.25 to $6.10 per 
cubic foot. This cost does not include packaging and storage until disposal. 


oh. 
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A total of 263 cubic feet of radioactive waste is currently stored at the 
Laboratory awaiting natural decay to lower levels to enable transportation 


without costly shielding. Decay to suitable levels for transport will vary from 
a few months to years. 


Cost of shielded storage space for radioactive waste varies considerably with 
the radiation levels and nature of the waste. The minimum construction cost 
of shielded storage space at Vallecitos is $11 per cubic foot of usable space. 


Future Estimates 


The non-volatile characteristics of UO, dust at the San Jose facility offer 
attractive possibilities for incineration. Studies indicate that a suitable 
incinerator can be built for approximately $5000 to reduce the solid waste 
volume by an estimated 90%. Decontamination of the effluent gases will be 
effected by a cyclone separator backed up by a high efficiency, high temperature 
filter. Reclamation of U from the ashes may also prove feasible. A further 
reduction in the cost of liquid disposal from San Jose is anticipated through 


the installation of larger floc tanks to reduce the manhours required per gallon 
treated. 


At Vallecitos waste volume reduction is complicated by the variety and the 
physical state of the radioisotopes being used. Studies of primary interest at 
the present time include the economics of mechanical waste compression, the 


feasibility of incineration of combustible solids and the possibility of solar 
evaporation of liquid wastes. 


(At 1:10 p.m., Monday, February 2, 1959, a recess was taken until 
Tuesday, February 3, 1959, at 10 a.m.) 


Xx 





